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DESCRIPTION 
CEPHEM COMPOUNDS 
TECHNICAL FIELD 
The present invention relates to new cephCTi coic^xjunds and 
pharmaceutically acceptable salts thereof. More particularly, the 
present invention relates to new cephem confounds and 
phanaaceutically acceptable salts thereof, which have 
antimicrobial activities, to processes for preparation thereof, to 
pharmaceutical composition coit^^ri sing the same, and to a method 
for treating infectious diseases in human being and animals. 

DISCLOSURE OF INVENTION 
One object Of the present invention is to provide nbv^l 
cephem compounds and pharmaceutically acceptable salts thereof , 
which are highly active against a number of pathogenic 
microorganisms. 

Another object of the present invention is to provide 
processes for the preparation of said cephem compounds and salts 
thereof. 

A further object of the present invention is to provide a 
phartaaceutical conqposition comprising, as. an active ingredient, 
said cephem .compovmds or their pharmaceutically acceptable salts. 

Still further object of the present invention is to provide 
a method for treating infectious diseases caused by pathogenic 
microorganisms, which comprises administering said cephem 
coitpounds to infected human being or animals. 

The object cephem coiopotands of the present invention are 
novel and can be represented by the following general formula [I] : 

H3C^CH3 

0 R^ 
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A is lower alkylene or lower alkenylene; 

is lower alkyl, hydroxy (lower) alkyl, protected 

hydroxy (lower) alkyl, amino (lower) alkyl or protected 

amino (lower) alkyl, and 
R is hydrogen or amino protecting group^ or 
R^ and R^ are bonded together and form lower alkylene; 
R^ aiid R^ are independently amino or protected amino; and 
rV xs carboxy or protected carboxy. 

As to the object compound [I]., the following points are to 
be noted. 

That is, the object confound [II includes syn isomer (Z 
form), anti isomer. (E form) and a mixture thereof . Syn isomer (Z 
form) means one geometrical isomer having the partial structure 
represented by the following formula: 

^'hesrein and are def ined abov.e, . 

and anti isomer .(E fpm) means the other geometrical isomer having 

the partial strructure represented by the following formula: 

N^^C-CO— 

: ■ ^ ^ R=^s'" :.. 

wherein R^ and R^ are each as defined above> 

and all of such geometrical isomers and mixture thereof are 

included within the scope of this invention. 

In the present specification and claims the partial 
structure of these geometrical isomers and mixture thereof are 
represented for convenience' sake by the following fc^rmula: 
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CH 



3 

4 



O R 

N 
II 

wherein and R^ are each as defined above. 

Another point to be noted is that the pyrazolio moiety of the 
coitpdund [I] can also exist in the tautomeric form, and such 
tautomeric equilibrium can be represented by the following formula. 

— R^ _^A— R^ 

R-^ R^ Ri*- R^ 

(A) (B) 
vrtierein A, R^, R^ and R^ are each as defined above. 

Both of the above tautomeric isomers are included within the 
: scope :of the present inv^^^ and in the* present specification 

and claims, however, the object compound [I] is represented for 
convenience* sa:ke by one expression of the pyrazolio group of the 
formula (A) . 

The cephem conpound [I] of the present invention can be 
prepared by the following processes as illustrated in the 
following. 
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Process 1 




A-R- 



H 



H,a .CH 



X: 



R 



O' 

N 
II 

N-^C — COOH 



[Hi . 

or its reactive 
derivative at the 
amino group, 
or a salt thereof 



[HI] , 

or its reactive 
derivative at the 
carboxy group, 
or a salt thereof 



O R* 

N 
II 

N-y-C- CONH— J— 1^ 



N 




A-R- 



COO 



N N 
I, I. 



r2 



[I] 

or a salt thereof 
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Process 2 



N 



A-R^a 



COO® 

[la] 

or a salt thereof 



N N 
R-^ R^ 



H3C^CH3 
O R* 

N 
II 

N-^C-CONH 
^ S o 



Elimination reaction of the 
amino protecting group 



R^ R^ 




[lb] ... 
or a salt thereof 



■Da090364A1J_>- 
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Process 3 

N 3 

II ^s^ ^^-^ 

N-^C-CONH-T-f ^ /r\ 

[VI] [VII] 
or -a salt thereof or a salt thereof 

• • > . .. • • • ? ■ ■ • 



I 



*^ S 01 N N 




,A-R- 



•H 



R^ r2 



[viiij 

or a salt thereof 



(ii) O-^R^ 

— : — ^ N 

II 



r5 



/fT-C^CONH-pf 




[I] 

or a salt thereof 
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Process 4 



N 
II 



COO® 1 1 



[Ic] 

or a salt thereof 



, O-^R^ 

N 
II 

N-^C-CONH 



Elimination rection of 
the hydroxy protecting, 
group or the amino 
protecting group 




CHg — N. 




A-R^ 



COO" 



N NH2 
111 



[Id] 

or a salt thereof 

wherein A, R^, R^, R^, R^ and R^ are each as defined above ^ 
R^a is protected amino / 
R^ is protected carboxy, 
Y is a leaving group, 

X0 is an anion, ^ . 

R^a is protected hydroxy (lower) alkyl or protected and.ho( lower )alkyl, 

and 

R^b is hydroxy (lower) alkyl or amino (lower) alkyl. 
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The starting compounds [II] and [VI] can be prepared by the 
following processes. 
Process A 




[X] 

or a salt thereof 



(i) 




[XI] 



N N 

ii iz a salt thereof 

R R • 




(ii) 




COO® Ii L 

[II] . .. 

or a salt thereof 
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Process B 




N- 



H3C^CH3 

N 
II 

■c- 



■COOH 



[XIII] 

or its reactive 
derivative at the 
amino group, 
or a salt thereof 



[XIV] 

or its reactive , 
derivative at the 
carboxy group, 
or a salt thereof 



N 
II 

C- CONH— r— 




CH2— Y 



evil / 
or a salt thereof 

wherein A> R^, R^ rS r^, r^, y and X© are each as defined 
above, 

is protected amino/ 

R^ is protected carboxy, and 

R^*^ is amino protecting group. 

The starting conqppiands [VII] and [XI] or salts thereof can 
be prepared by the methods disclosed in: the Preparations 1-7, 9-14, 
16-18, 21-23, 25-45, 47-52, 54, 55, 57-61^ 62-66 and 68-76 
described later or siioilar manners thereto. 

Jxi the above and subsequent descriptions of tliis 
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specification, suitable examples of the various definitions are 
explained in detail as follows. 

The term "lower" is used to mean a group having 1 to 6, 
preferably 1 to 4, carbon atoni(s), unless otherwise indicated. 

Suitable "lower alkyl" and "lower alkyl" moiety in 
"hydroxy (lower) alkyl", "protected hydroxy (lower) alkyl", 
"amino (lower) alkyl" and "protected amino (lower) alkyl" include 
straight or branched alkyl having 1 to 6 carbon atom(s), such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, tert-pentyl and hexyl, in which more preferreci 
one is C1-C4 alkyl. 

Suitable "hydroxy (lower) alkyl" includes hydroxy (Ci-Ce) alkyl 
such as hydroxymethyl, 1-hydroxyethyl, 2-hydroxyethyl, 1- 
hydroxypropyl, 2-hydroxypropyl, 3-hydroxypropyl, 4-hydroxybutyl, 
5-hydroxypentyl and 6-hydroxyhexyl, in which more preferred one is 
hydroxy (C1-C4) alkyl . 

Suitable "amino (lower) alkyl" includes amino (Cx-Cs) alkyl such 
as aminomethyl, 1-aminoethyl, 2-aminoethyl, 1-aminqpropyl, 2- 
aminopropyl, 3-aminopropyl, 4-aminobutyl, 5-aminopentyl and 6- 
amindhexyl, in which more preferred one is - amino (Ci-C4) alkyl. 

Suitable "lower alkylene" at A includes straight or branched 
alkylene having 1 to 6 carbon atoms, such as methylene, ethylene, 
trimethylene, tetramethylene, pentamethylene, hexamethylene and 
propylene, in which more preferred one is straight alkylene having 
1 to 3 carbon atoms. 

Suitable "lower alkenylene" at A includes straight or 
branched alkenylene having 2 to 6 carbon atcans, such as vinylene, 
propenylene, i-butenylene, 2-butenylene, 1-pentenylene, 2- 
pentenylene, 1-hexenylene, 2-hexenylene, 3-hexehylene, in which 
more preferred one is straight alkenylene having 2 or 3 carbon 
atoms. 

Suitable "lower alkylene" formed by and includes 
straight alkylene having 2 to 4 carbon atoms, such as ethylene, 
trimethylene land tetr^amethylene, in vdiich inbre preferred one is 
straight alkylene having 2 or 3 carbon atoms . 

Suitable "amino protecting groi^)" in "protected amino" and 

10 
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"protected amino (lower) alkyl" includes an acyl group as mentioned 
below, substituted or unsubstituted aryl (lower) alkylidene [e.g., 
benzylidene, hydroxybenzylidene, etc.], aryl (lower) alkyl such as 
mono-, di- or triphenyl (lower) alkyl [e.g., benzyl, phenethyl, 
benzhydryl, trityl, etc.], and the. like. 

Suitable "acyl" includes lower alkanoyl [e.g., formyl, 
acetyl, propionyl, • hexanoyl, pivaloyl, etc.], mono (or di or 
tri) halo (lower ) alka^ioyl [e * g . , chloroacetyl, trif luoroacetyl , 
etc.], lower alkoxycarbonyl [e.g., methoxycarbonyl, ethoxydarbonyl, 
t ert-butoxycarlponyl , t er t-pentyloxycarlDonyl , hexyloxycarbony 1 , . 
etc . ] , carbamoyl , aroyl [e.g., benzoyl , toluoyl , naphthoyl , etc . ] , 
aryl (lower ) alkanoyl [e.g., phenylace tyl , phenylpropionyl , et c . ] r 
aryloxycarbonyl [e.g./. phenoxycarbpnyl, naphthyloxycarlDonyl, etc. ] , 
ar yloxy ( lower ) alkanoyl [e.g., phenoxyacet yl., phenoxypropiony 1 , 
et c . ] , arylglyoxyloy 1 [e.g., phenylglydxyloyl , naphthylglyoxyloyl , 
etc. ] , aryl (lower) alkoxycarbonyl which optionally substituted by 
^suitable substi tuent ( s ) [e.g., benzyloxycarbonyl , 
phenethyloxycarbonyl, p-nitrobenzyldxycarbonyl, etc.], and the 
. like. 

Suitable "protected hydroxy" in the "protected 
-^hydroxy (lower) alkyl" includes acyloxy group, aryl (lower) alkyloxy 
group, and the like. Suitable "acyl" moiety in the "acyloxy" 
includes lower alkanoyl [e.g., formyl, acetyl, propionyl, hexanoyl, 
pivaloyl, etc.] , mono(or di or tri) halo (lower) alkanoyl, [e.g. , 
chloroacetyl , trif luoroacetyl , etc . ] , lower al koxycarlDonyl , [e.g., 
methoxycarbonyl, ethoxycarlaonyl, t<ert-butoxycarbonyl, tert- 
pentyloxycarbonyl> hexyloxycarbonyl, etc. ]> carbamoyl, and the 
like. Suitable "aryl (lower) alkyl moiety in the 

"aryl (lower) alkyloxy^ includes mono-, di- or triphenyK lower) alkyl 
[e.g., benzyl, phenethyl, benzhydryl, trityl, etc.], and the like. 

Suitable "protected carboxy" includes an esterif ied carbox;y 
group and the like, and. concrete examples of the ester moiety in 
said esterif ied carboxy group include the ones such as lower alkyl 
ester [e.g. , methyl ester, ethyl ester, propyl e.ster, isopropyl 
ester, butyl ester, isobutyl ester, tert-butyl ester, pentyl ester, 
hexyl ester, l-cyclopropylethyl ester, etc.j which may have 

11 
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suitable substituisnt (s) , for example, lower 
alkgnoyloxy(lower)alkyl ester [e.g., acetoxymethyl ester, 
propionyloxymethyl ester, butyryloxymethyl ester, valeryloxyiaethyl 
ester, pivaloyloxymethyl ester, 1-acetoxyethyl ester, 1- 
propionyloxyethyl ester, 2-propionyloxyethyl ester, 
hexanoyloxymethyl ester, -etc.], lower alkanesulfonyl( lower )alkyl 
ester, [e.g., 2-mesylethyl ester, etc.] or mono (or di or 
tri) halo (lower) alkyl ester [e.g., 2-iodoethyl ester, 2,2,2- 
trichloroethyl ester, etc.]; lower alkenyl ester [e.g., vinyl 
ester, allyl ester, etc.]; lower alkynyl ester [e.g./ ethynyl 
ester, propynyl ester, etc.]; aryl (lower) alkyl ester which may 
have suitable substituent (s) (e.g., benzyl ester, 4-methoxyben2yl 
ester, 4-nitrobezyl ester, phenethyl ester, tri tyl ester, 
benzhydryl ester, bis (methoxyphenyl ) methyl ester, 3 , 4- 
dimethoxybenzyl ester, 4 -hydroxy- 3, S-di-tert-butylbenzyl ester, 
etc.]; aryl ester which may have suitable substituent (s) [e.g., 
phenyl ester, 4-chlorophenyl ester, tolyl ester, 4-tert- 
butylphenyl ester, xylyl ester, mesityl ester, cumenyl ester, 
etc.}; and the like. 

Suitable "leaving group" includes halogen [e.g., chlorine, . 
bromine, iodine, etc.] or acyloxy such as arylsulfonyloxy [e.g^, 
benzenesulfonyloxy, tosyloxy, etc.], lower alkyl sulfonyloxy [e.g.-, 
mesyloxy, etc. ] , lower alkanoyloxy [e.g., acetyloxy, propionyloxy, 
etc.], and tJie like. 

Suitable "anion" includes formate, acetate, trifluoroacetate 
maleate, tartrate, methanesulfonate, benzenesialfonate, 
toluenesulfonate, chloride, bromide, iodide, sulfate, 
hydrogensulf ate, phosphate, and the like. 

suitable pharmaceutically acceptable salts of the object 
compound [I] are conventional noh-toxic salts and include, for 
exaii5>le, a salt with a base or an acid addition salt such as a 
salt with an inorganic base, for example, an alkali metal salt 
[e.g., isodium salt, i potassium salt, etc.], aii alkaline earth metal 
salt [e.g., calcium salt, laagnesiim salt, etc.], ah ammonium salt; 
a salt with an organic base, for exan^le, an organic amine salt 
(e.g., trimethylamiiie salt, triethylamine salt, pyridine salt. 
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picoline salt, ethanolamine salt, triethanolamine salt, 
dicyclohexylamine salt, N,N' -dibenzylethylenediamine salt, etc.]; 
an inorganic acid addition salt [e.g., hydrochloride, hydrobromide, 
sulfate, hydrogensulfate, phosphate, etc.]; an organic carboxylic 
or sulfonic acid addition salt [e.g., formate, acetate, 
trifluoroacetate, laaleate, tartrate, citrate, fumarate, 
methanesulfonate, benzenesulfonate, toluenesulfonate, etc.]; and a 
salt with a basic or acidic amino acid [e.g., arginine, aspartic 
acid, glutaioic acid, etc.] . . 

The preferred embodiments of the amide compound of the 
present invention represented by tjie general formula [I] are as 
follows. 

(1) The compoimd of the formula [I] wherein ; 
is lower alJcyl, hydroxy (lower) allcyl, 

aryl ( lower ) allcyloxy ( lower) allcyl , amino (lower) alkyl. or 
acylamino (lower) allcyl, and .: . 

is hydrogen, aryl (lower) allcyl or acyl, or / 
and R^ are bonded together and form lower alkylehe; . . 

R^ and R^ are independently amino or acylamino; and 
R'* is carbpxy or esterified carboxy, , \ 

or a pharmaceutically acceptable salt thereof. 

(2) The conpound of (1) alDOve wherein 
R^ is lower allcyl, hydroxy (lower) alkyl, 

aryl (lower) alkyloxy (lower) alkyl, amino (lower) alkyl, 

(lower) alkanbylairiino (lower) alkyl, or 

(lower) alkoxycarbonylamino (lower) alkyl, and 
R^ is hydrbgen/ aryl (lower) alkyl, lower alkanoyl or lower 

alkoxycatbonyl, or 
R^ and R^ are bonded together and form lower alkylene; 
R^ and R^ are independ^tly axaino, lower alkanoylamino or lower 

alkoxycarbonylaiaino; and 
R^ is carboxy or lower alkoxycarbonyl^ 
or a pharmaceutically acceptable salt thereof . 

(3) The compound of (2) above wherein 

B}, is (Ci-Ce) alkyl, hydroxy (Ci-Cs) alkyl, mono-, di- or triphenyl-; 
(Ci-^Ce) alkyloxy (Ci-Ge) alkyl, amino (Ci-Cg) alkyl, ^ 

13 
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(Ci-C6)alkanoylamino(Ci-C6)alkyl, or 
(Ci-C6)alkoxycarbonylamino(Ci-C6)alkyl, and 
is hydrogen, mono-, di- or triphenyl (Ci-Cg) alkyloxy (Ci-Cs) alkyl, 

(Ci-Ce) alkanoyl or (Ci-Ce) alkoxycarbonyl, or 
and R^ are bonded together arid form {Ci-Cg) alkylene; 
R^ and R^ are independently amino, (Ci-Cg) alkanoylamino or 

(Ci-C6)alkoxycarbonylamino; and 
R" is carboxy or (Ci-Cs) alkoxycarbonyl, - 
or a pharmaceutically acceptable salt thereof . 

(4) The compound. of (2) above wherein 

R^ is lower alkyl, hydroxy (lower) alkyl or amino (lower) alkyl, and 
R^ is hydrogen, or 

R^ and R^ are bonded together and form lower alkylene; 
R^ and R^ are amino; and 
R" is carboxy, 

or a pharmaceutically acceptable salt thereof i 

(5) The compoijnd of (4) above wherein 

R^ is (Ci-Cs) alkyl, hydroxy (Ci-Cs) alkyl or amino (Ci^Cg) alkyl/ . and 
R^ is hydrogen, or 

R^ and R^ are bonded together! and form (Ci-rCg) alkylene; 
R^ and R^ are amino; and 
R* is carboxy, 

or a pheunnaceutically acceptable salt thereof . 

The processes for preparing the object confound of the 
present invention are explained in detail in. the following. 
Process 1 

The conpoiand [I] or a salt thereof can- be prejieured by 
reacting the compound [II] or its reactive derivative at the amino 
group, or a salt thereof with the compound till] or its reactive 
derivative at the carboxy group, or a salt thereof . 

Suitable reactive derivative at the amino groi;?> of the 
coii?>ound III] includes Schiff 's base type imino or its tautomeric 
enamine type isomer formed by the reactibii of the cdn^sound [II] 
with a carbonyl con5)ound such as aldehyde, ketone arid the like; a 
silyl derivative fprmed by the reaction of the compomd [II] with 
a silyl CQn5x>und such as bis (trimethylsilyl) acetamide, 
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niono(triiaethylsilyl)acetainide [e.g., N- (trimethylsilyl) acetamide] , 
bis (trimethylsilyl) urea and the ,like; a derivative formed by the 
reaction of the compound [II] with phosphorus trichloride or 
phosgene. 

Suitable salts of the compound [II] and its reactive 
derivative can be referred to the ones as exeitplified for the 
coicpound [I] . 

Suitable reactive derivative at the carboxy group of the 
conpound [III] includes an acid halide/ an acid anhydride, an 
activated amide, and an activated ester. A suitable example of the 
reactive derivatives may be an acid chloride; an acid azide; a 
mixed acid anhydride with an acid such as substituted phosphoric 
acid [e.g., dialkylphosphoric acid, phenylphosphoric acid, 
diphenylphosphoric acid, dibenzylphosphoric acid, halogenated 
phosphoric acid, etc .], dialkylphosphorous acid, sulfurous acid, 
thiosulfuric acid, sulfuric acid, alkanesulfonic acid [e.g., 
methanesulfonic acid, etc.], aliphatic carboxylic acid [e.g., 
acetic acid, propionic acid, butyric acid, isobutyric acid, 
pivalic acid, pentanoic acid, isopentanoic acid, 2-ethylbutyric 
acid, trichloroacetic acid, etc.] and aronjatic carboxylic .acid 

[e.g., benzoic acid, etc . ] ; a symmetrical acid anhydride; an 
activated amide with imidazole/ 4-substituted imidazole, 
dimethylpyrazqle, triazole or tetrazole; an activated ester [e.g./ 
cyanomethyl ester, methoxyme|thyl ester, di metfayli minomethyl 

[ (CH3).2Nt=<;H-] ester, vinyl ester, propcirgyl ester, p-nitrophenyl 
ester, 2, 4-dinitrophenyl ester, trichlorophenyl ester, 
pentachlorophenyl ester, mesylphenyl ester, phenylazophenyl ester, 
phenyl thibester, p-nitrophenyl thioester, p-cresyl thioester, 
carboxymethyl thioester^ pyranyl ester, pyridyl ester, piperidyl 
ester, 8-quiholyl thioester, etc.]; or an ester with an N-hydroxy 
compound [e.g., N,N--dimethylhydroxylaiaine, l-hydroxy^2- (IH) - 
pyridohe/ N-hydroxysuccinimider N-hydroxyphthalxmide N-hydroxy-- 
IH-benzotriazole, . etc.] . These reactive derivatives can optionally 
be selected from them according to the kind of the compound [III] 
to be used. 

Suitable salts of the conjjound [III] and its reactive 
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derivative can be referred to the ones as exett^jlified for the 
coiigxjund [I] . 

The reaction is usually carried out in a conventional 
solvent such as water, alcohol [e.g., methanol, ethanol, etc.], 
acetone, dioxahe, acetonitrile, chloroform, methylene chloride, 
ethylene chloride, tetrahydrofuran, ethyl acetate, N,N- 
dimethylformamide, pyridine or any other organic solvent which 
does not adversely affect the reaction.' These conventional 
solvents may also be used in a mixture with water. 

In this reaction, when the compound [III] is used in free 
acid form or its salt form, the reaction is preferably carried out 
in the presence of a. conventional condensing, agent such as N,N*- 
dicyclohexylcarbodiimide; N-cyclohexyl-N'-morpholinoethyl- 
carbodiimide; N-cycl6hexyl-N ' - (4-diethylaminocyclohexyl) - 
carbodiimide; N,N' -diethyl carbodiimide; N,N'- 
diisopropylcarbodiimide; N-ethyl-:N'- (3- 

dimethylkminopropyl) Garbodiimide; N,N' -carbonyl-bis- (2- 
methylimidazole) ; pentamethyleneketene-N-cyclohexylimine; 
diphenylketene-N-cyclohexylimine; ethoxyacetylene; l-alkdxy-l-^ 
ciiloroethylene; trialkyl phosphite; ethyl , polyphosphate; isopropyl 
polyphosphate; phosphorus oxychloride (phosphor yl chloride) ; 
phosphorus trichloride; thionyl chloride; oxalyl chloride; lower 
alkyl haloformate [e.g., ethyl chloroformate, isopropyl 
chloroformate, etc.] , triphenylphosphine ; 2^ethyl-7- 
hydroxj^enzlsoxazolium salt; 2-ethyl-5- (m-sulf ©phenyl ) isoxazolium 
hydroxide intramolectilar salt; i- (p-chlorobenzdnesulfonyloxy) -^6- 
.chlororlH-benzotriazoie; so-called Vilsmeier reagent prepared by 
the reaction of N,N-dimethylformamide with thionyl chloride, 
phosgene, trichloromethyl chloroformate, phosphorus oxychloride, 
etc.; and the like. 

The reaction may also be carrie<4 out in the presence of an 
inorganic or organic base such as an alkali metal bicarbonate, 
tri (lower) alkylamine, pyridine, N- (lower) alkylmorpholine, N,.N- 
di (lower) alkylbenzylamine, and the like. 

The reaction tenperature is not critical, and the reaction 
is usually carried out under cooling to warming. 
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Process 2 

The coii¥>oimd [lb] or a salt thereof can be. prepared by 
sijbjecting the compound [la] or a salt thereof to elimination 
reaction of the ainino protecting group. 

Elimination reaction is carried out in accordance with a 
conventional method such as hydrolysis and the like. 

The hydrolysis is preferably carried out in the presence of 
a base or an acid including Lewis acid. - 

Suitable base includes an inprganic base and an organic base 
such as an alkali metal [e.g., sodium, . potassium/ etc.], an 
alkaline earth metal [e.g., magnesium^ calcium/ etc.], the 
hydroxide or carbonate or hydrogencarbonate thereof , trialkylamine 
[e.g., t rime thy lamine, triethylamine, etc . ] , picoline, 1,5- 
diazabicyclo[4.3.0]non^5-ene, 1, 4-dia2abicyclo[2.2.2]octane, 1,8- 
diazabicyclo [5 . 4 . 6] iandec-7-ene, and the like . 

Suitable acid includes an orgcinic acid [e.g., formic acid, 
acetic acid, propionic acid, trichloroacetic acid, trifluoroacetic 
acid, etc.], and an inorganic acid [e.g., hydrochloric acid, 
hydrobromic acid, sulfuric acid, hydrogen chloridie, hydrogen 
bromide, etc.]i ' ^ 

The elimination using Lewis acid such as trihaloacetic acid 
[e.g., trichloroacetic acid, trifluoroacetic acid, etc. ], and the 
like is preferably carried out in the presence of cation trapping 
agents [e.g., anisole/ phenol, etc.]. 

The reaction is usually carried out in a solvent such as 
water, alcohol [e.g., methanol, ethanol, etc.], methylene chloride, 
tetrahydrofuran, a mixture thereof or any other solvent which does 
not adversely influence t±Le reaction. A liquid base or acid can be 
also used as a solvent. 

The reaction teroperature is not critical and tlie reaction is 
usually carried out under cooling to warming. 

Process 3-(i) - 
The cpii¥)Ound [VIII] or a salt tiiereof can be prepared by 

reacting the con^jound [VI] or a salt thereof with the conspoxand 

[VII] or a salt thereof. 

Suitable salt of the compoimds [VI] and [VIII] can be 
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referred to the ones as exen^lified for the coii5)ound [I] . 

The present reaction may be carried out in a solvent such as 
water, phosphate buffer, acetone, chloroform, acetonitrile 
nitrobenzene, methylene chloride, ethylene chloride, formamide, 
N, N-dimethylformamide, methanol, ethanol, diethyl ethfer, 
tetrahydrofuran, dimethyl sulfoxide, or any other organic solvent 
which does not adversely affect the reaction, preferably in ones 
having strong polarities. Among the solvents, hydrophilic solvents 
may be used in a mixture with water. When the contpound [VII] is 
liquid, it can also be used as a solvent. 

The reaction is preferably conducted in the presence of a 
base, for example, an inorganic base such as alkali metal 
hydroxide, alkali metal carbonate, alkali metal hydrogencarbonate, 
an organic base such as trialkylamine, and the like . 

The reaction temperature is not critical, and the reaction 
is usually carried out at ambient teit^serature, under warming or 
under heating. The present reaction is preferably carried but in . 
the presence of alkali metal halide [e.g., sodium iodide, 
potassium iodide, etc.], alkali metal thiocyanate [e.g., sodium 
thiocyariate, potassiimi thiocyanate, etc.],. and the like. 

Anion X© may be one derived from a leaving group Y, and it 
may be converted to other anion by a conventional method. 
Process 3-^ (ii) 

The compound [I] or a salt thereof can be prepared by 
subjecting the confound [VIII] or a salt thereof to elimination 
reaction of the carboxy protecting group. 

Elimination reaction is carried out in similar manner to the 
reaction in the aforonaentioned Process 2 , and therefore the 
reagents to be used and reaction conditions (e.g., solvent, 
reaction temperature, etc. ) can be refferred to those of Process 2 . 
Process 4 - 

The confound [Id] or a salt thereof can be prepared by 
subjecting the compound [Ic] or a salt thereof to elimination 
reaction of thie hydroxy protecting group or the amino protecting 
group. 

Suitable method of this elimination reaction includes 

18 



BNSDCXaO: •<WO___02090384A1_I_> 



wo 02/090364 



PCT/JP02/04058 



conventional one such as hydrolysis, reduction and the like. 

(i) For hydrolysis: 

The hydrolysis is preferably carried out in the presence of 
a base or an acid including Lewis acid. 

Suitable base includes an inorganic base and an organic base 
such as an alkali metal [e.g., sodium, potassium, etc.], an 
alkaline earth metal [e.g., magnesium, calcium, etc.], the 
hydroxide or carbonate, or hydrogencarbonate thereof, trialkylamiiie 
[e.g., trimethylamine, triethylamine, etc], picoline, 1,5- 
diazabicyclo [4 . 3 . 0]non-5-ene, 1, 4-diazabicyclo [2.2.2] octane, 1,8- 
diazabicyclo[5.4.0]undec^7-ene, and the like. 

Suitable acid includes an organic acid [e.g., formic acid, 
acetic acid, propionic acid, trichloroacetic acid, trifluoroacetic 
acid, etc. ] , and an inorganic acid [e.g., hydrochloric acid, - 
hydrobrpmic acid, sulfuric acid, hydrogen chloride, hydrogen 
bromide/ etc. ] . 

The elimination using Lewis acid such as trihaloacetic acid 
[e.g., trichloroacetic acid, trifluoroacetic acid, etc.] and the 
like is preferably carried out in the presence of cation trapping 
agents [e^g. , anisole, phenol, etc. ]. ^ 

The reaction is usually carried out in a solvent such- as 
water, alcohol [e.g., methanol, ethanol, etc.], methylene chloifide, 
tetrahydrofuran, a mixture thereof or any ; other solvent which does 
not adversely influence the reaction. A liquid base or acid can be 
also used as a solvent. 

The reaction temperature is not critical and the reaction is 
usually carried out under cooling to warming. 

(ii) For reduction: 

Reduction is carried out in a conventional manner, including 
chemical reduction and catalytic, reduction. 

Suitable reducing reagents to be used in chemical reduction 
are a coinbination of a metal [e.g., tin, zinc, iron, etc.] or 
metallic cditqpound [e.g. , chromium chloride^ chromium acetate, 
etc.] and ah organic acid or inorganic acid [e.g., formic acid, 
acetic acid, propionic acid^ trifluoroacetic acid, p~ 
toluenesulfonic acid, hydrpcliloric acid, hydrobromic acid, etc.] ^ 
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Suitable catalysts to be used in catalytic reduction are 
conventional ones such as platinum catalysts [e.g., platinum plate, 
spongy platinxmi, platinijuii black, colloidal platinum, platinum 
oxide, platinum wire, etc.], palladium catalysts [e.g., spongy 
palladitm, palladium black, palladiiam oxide, palladium on carbon, 
colloidal palladium, palladium on barium sulfate, palladium on 
barium carbonate, etc.], nickel catalysts [e.g./ reduced nickel, 
nickel oxide, Raney nickel, etc.], cobalt catalysts [e.g., reduced 
cobalt, Raney cobalt, etc.], iron catalysts [e.g., reduced iron, 
Raney iron, etc.], copper catalysts [e.g., reduced copper, Raney 
copper, Ullman copper, etc.] and the like. 

The reduction is usually carried put in a conventional 
solvent which does not adversely influence the reaction such as 
water, methanol, ethanol, propanol, N,N-dimethylforiQamide or a 
mixture thereof . ^ . 

Additionally, in case that the above-mentioned acids to be 
used in chemical reduction are liquid, they can also be used as a 
solvent . 

Further, a suitable solvent to be used in catalytic 
reduction may be the above-mentioned solvent, and other 
conventional solvent such as diethyl ether, dioxane, 
tetrahydrofuran, etc. / or a mixture thereof . 

The reaction tenqperature of tliis reduction is not critical 
and the reaction is usually carried out imder cooling to warming. 

When R^ is protected amino, the amino protecting group in R^ 
can be eliminated by a conventional method such a^ hydrolysis. 

Processes A and B for the preparation of the starting 
coitqpounds are explained in detail in the following. 
process A-(i) 

The compound [XII] or a salt thereof can be prepared by 
reacting the coii5>oTmd [X] or a salt thereof with the compound [XI] 
or a salt thereof. 

This reaction c^ be carried out in a similar manner to the 
reaction in the aforementioned Process 3-(i) , and therefore the 
reagents to be used and reaction conditions (e.g*, solvent, 
reaction ten5>erature, etc.) can be referred to those of Process 3- 
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(i) . 

Process A"-(ii) 

The compound [II] or a salt thereof can be prepared by 
subjecting the corapoiand [XII] or a salt thereof to elindnation 
reaction of the amino protecting groups in R® and R^^ and the 
carboxy protecting^ group in . 

This reaction can be carried out in a similar manner to the 
reaction in the aforementioned Process 2 ^ and therefore the 
reagents to be used and reaction conditions (e.g., solvent, . 
reaction tenperature, etc.) can be referred to those of Process 2 . 
Process B 

The con¥K>iand [VI] or a salt thereof can be prepared by 
reacting the compound [XIII] or its reactive derivative at the 
amino group, or a salt thereof with the eoit^siound [XIV] or its . 
reactive derivative at the carboxy group, or a salt thereof. 

This reaction can be carried out in a similar manner to the 
.reaction in the aforementioned Process 1 , and therefore the 
reagents to be used and reaction conditions (e.g., solvent, 
reaction temperature, etc.) can be referred to those of Process 1 . 

The coBcpounds obtained by the above processes can be 
isolated and purified by a conventional method such as 
pulverization, recrystallization, column chromatography, 
reprecipitation, and the like. 

It is to be noted that the compound [I] and other cdmpiounds 
maty include one or more stereoisomer (s) such as optical isomer (s) 
and geometrical isomer (s) due to asymmetric carbon atom(s) and 
double bond(sj, and all of such isomers and mixtures thereof are 
included within the scope of this invention. 

The object cbmpoimds [I] and pharmaceutical ly acceptable 
salts thereof include solvates [e.g., enclosure confounds (e.g., 
hydrate, etc.)]. 

The object conpound [1] and pharmaceutically aicceptable 
salts thereof are novel and exhibit high antimicrobial activity,, 
inhibiting the growth of a wide variety of pathogenic ' 
microorganisms including Gram-positive and Gram-negative 
microorganisms and are useful as antimicrobial agents. 
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Now in order to show the utility of the object confound [I], 
the test data on MIC {minimal inhibitory concentration) of a 
representative con^jound of this invention are shown in the 
following. 
Test method; 

In vitro antibacterial activity was determined by the two- 
fold agar-plate dilution method as described below. 

One loopful of an overnight culture of each test strain in 
Trypticase-soy broth (10^ viable cells per ml) was streaked on 
heart infusion agar (Hl-agar) containing graded concentrations of 
representative test compoimd, and the minimal inhibitory 

concentration (MIC) was expressed in ng/ml after ihctibation at 37°C 
for 20 hours. 
Test coitg>ound 

Compound (a): 7p-[ (Z)-2-(5-amino-l,2,4-thiadiazol-3-yl)-2-{l- 
carboxy-l-methylethoxyimino) acetamido] -3- [3^amino-4- (3- 
aminopropyl)-2-methyl-l-pyrazolio]methyl-3-cephem-4-carboxylate 
Con^jound (b) : 7p-[ (Z)-2-(5-amino-l, 2,4-thiadiazol-3-yl)-2- (l- ' 
carboxy-l-methylethoxyimino) acetamido] -3- [3-amiho-4- (2- 
aminoethyl) -2-methyl-l-pyrazolio] methyl-3-cephem^4-carb6xylate 
Test results: 



Table 1 



Test strain 


Test ccKDopoimd 


MIC (Jig/ml) 


Pseudomoncis aeruginosa. 
FP 2056 


(a) 


1 


(b) 


0.5 



For therapeutic administration, the object con^joumd [I] and 
pharmaceutically acceptable salts thereof of the present invention 
are used in the form of a conventional pharmaceutical preparation 
vrtiich contains said con^jound as an active ingredient, in admixture 
with pharmaceutiqally acceptable carriers such as an organic or 
inorganic solid or liquid excipiMit which is suitable for oral, 
parenteral or external administration. The pharmaceutical 
preparations may be in a solid form such as tablet, graniile, 
powder, capsule, or in a liquid form such as solution, suspension, . 
syrup, emulsion, l^onade and the like. 
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If needed, there xnay be included in the above preparations 
aioxiliairy substances> stabilizing agents, wetting ageints and other 
coiamonly used additives such as lactose, citric acid, tartaric 
acid, stearic acid, magnesium stearate, terra alba, sucrose, corn 
starch, talc, gelatin, agar, pectin, peanut oil, olive oil, cacao 
butter, ethylene glycol, and the like. 

While the dosage of the compound [I] may very from and also 
.depend upon the age, conditions of the patient, a kind of diseases, 
a kind of the compound [I] to be applied, etc. In general ambionts 
between 1 mg and 4,000 mg or even more per day may be administered 
to a patient. An average single dose of about 50 mg, 100 mg, 250 
mg, 500 mg, 1000 mg or 2000 mg of the object compounds [I] of the 
present invention may be u^ed in treating diseases infected by 
pathogenic microorganisms . 

The following Preparations and Exairples are given for the 
puirpose of illustrating the present invention in more detail. 
Preparation 1 

To a suspension of 5-amino-l~methylpyrazole-4-carbaldehyde 
(25 g, 200 mmol) and .triethylamine (22.2 g, 220 mmol) in 
dichloromethane (500 ml) was added triphenylmethyl chloride (61^3 
g, 220 mmol) at room tempera tiure . The mixture was stirred at room 
, ten?5erature for 70 hours. The reaction mixture was washed with 
succeissively 10% aqueous citric acid solution, brine and 10% 
aqueous sodium hydrogencarbonatei solution; The extract was dried 
over anhydrous magnesium sulfate, filtered, and concentrated in 
vacuo. The residue was triturated with ethyl acetate to give 1- 
metiiyl--5-triphenylmethylaminopyra2ole-4-carbaldehyde (67 .6 g) as a 
colorless solid. 

^H-NMR(CDCl3) 6 2.84 (3H, s) , 7.26-7.34 (15H, m), 7.60 (IH, s), 
8.95 (IH, brs), 9.58 (Iff, s) 
Preparation 2 

To a suspension of sodium hydride (60% dispersion in mineral 
oil/ 4- 8 g, 120 mmol) in.tetrcJiydrofuran (200 ml) was added 
dropwise triethyl phbsphonoacetate (26.9 g, 120 mmol) under ice- 
cooling. The mixture was stirred under ice-cooling for 1 hour. To 
the reaction inixture was added l-methyl-5- 
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triphenyliaethylaminopyra2ole-4-carbaldehyde (36.7 g, 100 itimol) at 
room ten¥>erature/ and the mixture was stirred at room teitqperature 
for 17 hours. After evaporation of the solvent in vacuo, the 
residue was dissolved in chloroform. The solution was washed with 
successively 10% aqueous citric acid solution, brine, and 10% 
aqueous sodium carbonate solution. The extract was dried over 
anhydrous magnesium sulfate,, filtered, and concentrated in vacuo. 
The residue was triturated with ethyl acetate and dried in vacuo 
to give ethyl (E) -3- (l-methyl-5-triphenylmethylaminopyrazol-4- 
yX)acrylate (33.0 g) as a colorless solid. 

^H-NMR(CDCl3) 5 1.22 (3H, t, J«=7.3Hz) , 3.07 (3H, s) , 4.10 (2H, q, 
J=7.3Hz), 5.78 (IH, d, J^lS.OHz), 6.97 (IH, d, J=l 6.0Hz), 7.19- 
7.33 (15H, m), 7.48 (lH,s) 
Preparation 3 

To a suspension of lithium aluminxjm hydride (5.7 g, 150 

mmol) in tetrahydrofuran (200 ml) was added ethyl (E) -3- (1-methyl- 

5-triphenylmethylaminopyrazol-4-yl)acrylate (21.9 g, 50 mtaol) at 

room tenperature. The mixture was stirred at room ten?>erature for 

1 hour. After cooling on an ice bath, potassium fluoride (34 g) ' 

arid water (10 ml) were added to the reaction mixture. The 

insoluble materials were removed by filtration. The filtrate was 

concentrated in vacuo, and the residue was dissolved in chloroform. 

The solution was washed with 10% aqueous citric acid solution. The 

organic layer was dried over anhydrous magnesium sulfate, filtered, 

and concentrated in ^cuo. The oily residue was purified by column 

chromatography on silica gel eluting with chloroform to give 3-(l- 

methyl-5-triphenylmethylaminopyrazol-4-yl)propahol (14.8 g) as a 
solid. 

^H-NMR(CDCl3) 5 1.37-1.42 (2H, m) , 1.87-1.90 (2H/ m) , 2.83 (3H, s) , 
3.38-3.42 (2H, m) , 4.26 (IH, br) , 7.12 (IH, s) , 7.17-7.26 (15H, a) 
Preparation 4 

To a solution of 3- ( l-methyl-5-triphenylmethylaminopyrazol- - 
4-yl)propanol (4.0 g,: 10 mmol), phthalimide (1*5 g, 10 mmol) and 
triphenylphosphine (4 . 0 g, 15 mmol) in tetrahydrofuran (20 ml) was 
added diisopropyl azodicarboxylate (3.0 g, 15 mmol), and the 
mixtvure was stirred at room temperature for 30 minutes. To the 
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reaction mixture was added 4 mol/l hydrogen chloride solution in 
dioxane (10 ltd), and the mixture was stirred at room ten^erature 
for 30 minutes. To the reaction mixture was added water, and the 
mixture was washed with ethyl acetate. The organic layer was 
separated/ and the aqueous layer was adjusted to pH 9 with 10% 
aqueous sodium carbonate solution. The solution was extracted with 
chloroform. The organic layer was dried over anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo. The residue was 
triturated with ethyl acetate and dried in vacuo to give 5-aitdno- 
l-methyl-4- (3-phthalimidopropyl)pyrazole (2.2 g) as a solid. 
^H-NMR(CDCl3) 8 1.91-1.97 (2H, m) , 2.34-2.37 (2H, m) , 3.45 (2H, br) , 
3,63 (3H, s), 3.:71-3.77 (2H, m) , 7.16 (IH, s) / . 7 .70-7 .73 (2H/ m) , 
7.82-7.85 (2H,. m) 
Preparation 5 

5--Actiino-l-met±iyl-4- (3-phthaliitddop:ropyl)p (1.42 g, 5 

mmol) was added to concentrated hydrochloric acid (10 ml) at room 
temperature, and the mixture was stirred under reflux for 23 hours. 
To the reaction mixture was added water (50 ml), and most of 
insoluble materials were removed by filtration. The filtrate was 
washed with ethyl acetate, and the aqueous layer was concentrated 
iji vacuo. The residue was triturated with 2-propanpl and dried in 
vacuo to give 3- (5-amano-l-methylpyrazol-^4-yl) propylamine y 
dihydroghloride (700 mg) as a solid. 

^H-NMR{IMSO-d6) 8, 1.74.-1.80 (2H, m), 2.44^2.47 (2H, m) , 2.74-2.78 
(2H, m), 3.73 (3H, s) , 7.89 (lH,s), 8.25 (2H/ br) 
Preparation 6 

To a solution of 3-- (5-amino-l-^methylpyrazol-4-yl)propylaB 
dihydrochloride (9.3 g, 40 rampl) in methanol (80 ml) was added 28% 
sodium methoxide solution in methanol (15 <9 g) . The mixture was 
filtered through Celite, and, the filtrate was concentrated in 
vacuo. A solution of the oily residue in ethyl formate (60 g) was 
stirred under refltix for 20 hours. After cooling, to the reaction 
mixture was added chloroform. The mixture was filtered through 
Celite, and the filtrate was concentrated in vacuo ^ The residue 
was triturated with ethyl acetate and dried in vacuo to give N- [3- 
(5-amino-i--methylpyrazol-4-yl)prdpyl]formamide (6.7 g) as a solid. 
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^H-NMR(I»4SO-d6) 8 1.74-1.80 (2H, m) , 2.44-2.47 (2H, m) , 2.74-2.78 
(2H, m), 3.73 (3H, s), 7.89 (IH, s) , 8.25 (2H, br) 
Preparation 7 

To a solution of N- [3- (5-aInino-l-nlethylpyrazol-4- 
yl)propyl]fo^naIaide (3.64 g, 20 mmol) and triethylaiaine (2.23 g, 
22 iniDol) in methylene, chloride (50 lal) was added triphenylmethyl 
chloride (6.13 g, 22 mmol) . The mixture was stirred at room 
ten^erature for 90 minutes. The reaction mixture was washed with 
successively 10% aqueous citric acid solution, brine, and 10% 
aqueous sodium carbonate solution. The organic layer was dried 
over anhydrous magnesium sulfate,, filtered, and concentrated in 
vacuo. The residue was tritvurated with ethyl acetate and dried in 
vacuo to give N- [3- (l-methyl-5-triphenylmethylaminopyrazol-4- 
yl)propyl]formamide (6.8 g) as a solid. 

^H-NMR(IMS0-d6) 5 1.13-1.18 (2H,m), 1.79-1.82 (2H, m) , 2.76 (3H, 
s), 2.79-2.83 (2H, m) , 5.68 (IH, s) , 7.01 {IH, s) , 7.15-7.27 (15H, 
, m), 7.81 (IH, br), 7.96 (IH, s) 
Preparation 8 

To a solution of benzhydryl 7p-tert-butoxycarb6hylaikfio-3- 
chloromethyl-3-cephem-4-carboxylate (1 .03 g, 2 . 00 mmol) in N,N- 
dimethylformamide (2.5 ml) was added sodium iodide (300 mg, 2.00 
mmol), and the mixture was stirred at room ten^serature for 30 • 
minutes. To the reaction mixture were added N-t 3- (1-methyl- 5- 
triphenylmethylaminopyrazdl-4-yl) propyl] formamide (2.55 g, 6.00 
mmol) and methylene chloride (5 ml). The vrihole laixture was stirred 
at room ten^jerature for 18 hours and poured into a mixture of 
ethyl acetate and watery The aqueous layer was separated, and the 
organic layer was washed with brine, dried over sodium sulfate and 
filtered. The filtrate was concentrated to abdiit 20 ml in vacuo. 
The concentrate was poured into diisopropyl ethei? (300 ml) , and 
the resulting precipitate was collected by filtration and dried in 
vacuo. To a solution of the resulting solid in methylene chloride 
(7.5 ml) were added anisole (2.5 ml) and trifludroacetic acid <5.0 
ml) under ice-cooling. The resulting solution was stirred at roam 
ten5)erature for 3 hours and poured into diisopropyl ether (300 ml) 
The resulting precipitate was collected by filtration and dried in 
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vacuo to give crude 7p-aiaino-3-- [3-amino-4- (3--formamidopropyl) -2- 
inethyl-l-pyrazolio]methyl-3-cephem-4-carboxylate 
bistrifluoroacetic acid salt (1.67 g) , This product was used in 
the next step without further purification. 

Example 1 

To a solution of crude 7p-amino-3- [3"-amino-4- (3- 
f ormamidopropyl ) -2-methyl-l-pyrazolio ] methyl-3-cepheia-4- 
carboxylate bistrifluoroacetic acid salt (1.65 g) and N- 
trimethylsilylacetamide (2.94 g, 22.4 mmol) in a mixed solvent of 
N/N-dimethylformamide (16 ml) and tetrahydrofuran (16 ml) was 
added (Z) -2- (5-amino-l, 2, 4-tliiadiazol-3-yl) -2- (1-tert- 
butoxycarbonyl-l-methylethoxyimino) acetyl chloride hydrochloride 
salt (863 mg, 2.24 ramol) under ice-cooling. The solution was 
stirred under ice-cooling for 2.5 hours. The -reaction mixture was 
poured into ethyl acetate (400 ml) ^ and the mixture was stirred . 
for 30 minutes. The resulting precipitate was collected by 
filtration, washed with successively ethyl acetate and diisopropyl 
ether, and dried in vacuo to give a solid (1.07 g) . 

To a suspension of the resulting solid in methylene chloride 
(3.,0 ml) were added anisole (1.0 ml) and trifluoroace tic acid (2.0 
ml) under ice-cooling. The resulting solution was stirred at room 
teii5>erature for 2.5 hours and poured, into diisopropyl ether (150 
ml) . The resulting precipitate was collected by filtration and 
dried in vacuo to give a cinide product, which was piirif ied by 
preparative high-performance liquid chromatography. (HPLC) 
utilizing ODS column. The eluate containing, a desired product was 
concentrated to about 30 ml in vacuo. The concentrate was adjusted 
to about pH 3 with concentrated hydrochloric acid and 
chromatographed on microporous non-ionic adsorption resin Diaion® 
HP-20 (Mitsubishi Qiemical Corporation) eluting with 30% aqueous 
2-propanol. The eluate was concentrated to about 30 ml in vacuo 
and lyophilized to give 7p-[ (Z) -2- (5-amino-l,2,4-thiadiazol-3r-yl) - 
2- ( 1-carboxyr 1-methyletiipxyimino ) ace tamido ] -3^ [ 3^amino-4- ( 3- 
f ormamidopropyl ) -2-methyl-l-pyrazolio]methyl-3-cephem-4- 
carboxylate (118 mg) as an amorphous solid. 
^H-NMR(I)20) 5 1.52 (3H, s) , 1.53 (3H^. s) , 1.80 (2H> quintet, 
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J=7.0H2), 2.43 (2H, t, J=7.0Hz), 3.13 and 3.30 (2H, ABq, J=17.5Hz), 
.3.25 (2H, t, J=7.0H2), 3.67 (3H, s) , 4 .96 and 5.22 (2H, ABq, 
J=15.8Hz), 5.22 (IH, d, J=4.8Hz), 5.85 (IH, d, J=4.8Hz), 7.77 (IH, 
s), 8.04 (IH, s) 
Exan^le 2 

To a solution of 7p-[ (Z)-2-(5-amino-l,2,4-thiadia2ol-3-yl)- 
2- (l-carboxy-l-methylethoxyimino) acetamido] -3- [3-amino-4- (3- 
f orinanddopropyl ) -2-methyl-l-pyra2olio] methyl-3-cepheni-4- 
carboxylate (112 mg, 0.172 mmol) in iaethanol (1.1 ml) was added 
concentrated hydrochloric acid (0.11 nd) at room tenper^ture. The 
mixture was stirred at room ten^kerature for 4 hours. The reaction 
mixture was adjusted to about pH 6 with saturated aqueous sodiiau 
hydrogencarbonate solution and concentrated in vacuo to remove 
methanol. The resulting residue was purified by preparative HPLC 
utilizing ODS column. The eluate containing a desired product was 
concentrated to about 30 lal in vacuo. The concentrate was adjusted 
to about pH 3 with concentrated hydrochloric acid and 
chromatographed on Diaion® HP-20 (Mitsubishi Chemical Corporation) 
eluting with 30% aqueous 2-propanol. The eluate was concentrated 
to about 30 ml in vacuo and lyophilized to- give 7p- [ (Z) -2- (5-amino- 
1, 2, 4-thiadia2ol^3-yl) -2- ( 1-carboxy-l-methylethoxyimino) - 
acetamido] -3^ [3-amino-4- (3-iaminopropyl) -2-^methyl-l- 

pyrazolio]methyi-3'cephem^4-carbdxylate (20 mg) as an amorphous 
solid. 

*H-NMR(E>20) 5 1.53 (3H, s)/1.54 (3H, s), 1.93 (2H, quintet, 
J=7.5H2), 2.49 (2H, t> J=7.5H2), 3.02 (2H, t, J=7.5H2) , 3.16 and 
3 . 38 (2H> ABq, J=17 . 3H2) , 3 . 69 (3H, s) , 4 . 93 and 5.16 (2H, ABq, 
J=15.3Hz), 5.24 (IH, d, J=^.8H2), 5.84 (IH, d, J=4.8Hz)v 7;78 [111, 

s) ■ 

Preparation 9 

A solution of ethyl (E) -3- (l-^methyl-5-' 
triphenylmethylaniinopyra2ol-4-yl)acrylat;e f60 g, 137 inniol) in 
ethanol (700 lol) was treated with 10% palladiTM carbon (6.0 g) 
under a hydrogen atmosphere at room temperature for 3 hour^s. After 
the catalyst was filtered off, the filtrate was concentrated in 
vacuo. The residue was tritiarated with hexane and dried in vacuo 
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to give ethyl 3- (l~methyl-5-triphenylmethylaitiinopyrazol--4-^ 
yl ) propionate (63 g) as a colorless solid, 

^H-NMR(CDCl3) 5 1.21 (3H, t, J=7,3Hz) , 2.09-2.16 (4H, m) , 2.81 (3H, 
s) , 4.07 (2H, q, J=7.3Hz), 4.61 (IH, s), 7.11 (IH, s) , 7.19-7.28 
(15H, m) 
Preparation 10 

To a solution of ethyl 3- (l-methyl-S- 
tripheinyliaethylaminopyrazol-^-yDpropionate .(22 g, 50 mmol) in 
methanol (60 ml), was added 10% aqueous sodium hydroxide solution 
(60 ml), and the mixture was stirred under reflux for 2 hours. The 
reaction mixture was acidified with 10% aqueous citric acid 
solution, and the mixture was extracted with a mixed solvent of 
chloroform and methanol. The extract was dried over anhydrous 
magnesium sulfate, filtered, and concentrated in vacuo. The 
residue was triturated with diisopropyl ether and dried in vacuo 
. to give 3- (l-methyl-5-triphenylmethylaminopyrazol-4-yl) propionic 
acid (16 g) as a colorless solid. 

^H-NMR(IMSO-d6) 5 1.88 (2H, t, J=7.8Hz), 2.08 (2H, t, J=7,8Hz)„ 
2.75 (3H, s), 5.75 (IH, s) , 6.99 (IH, s) , 7.15rr7.2:6 (15H, m) , . 
11.85 (IH, br); . ; 

Preparation 11 

To a solution of 3- (l-methyl-5-triphenylmethylaIninopyrazol- 
4-yl)propionic acid (14.4 g, 35 mmol) and triethylamine (4.9 ml, 
35 mmol) in tetrahydrofuran (150 ml) was added ethyl chloro formate 
(3.4 ml, 35 mmol) followed by stirring for 20 minutes under ice- 
cooling. To the reaction mixture was added a solution of sodium 
azide {2^3 g, 35 mmol) in water (30 ml) under ice^cooling. The 
mixture was stirred under ice-copling for 20 minutes and theii at; 
room temperature for 20 minutes. To the reaction mixture was added, 
ice-cold water, and the mixture was extracted with ethyl acetate. 
The extract was washed with saturated aqueous sodium 
hydrpgencarbonate solution, dried over anhydrous magnesium sulfate, 
and filtered. To the filtrate was added methanol, and the mixed 
solution was concentrated iii vacuo. To the residue was added 
methanol (150 ml) , and the laixture was stirred under reflux for 
1.5 hours. . The reaction mixture was concentrated in vacuo to give 
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methyl N- [2- {l-methyl-5-triphenylmethylaininopyrazol-4- 
yl) ethyl] carbamate (15.6 g) as a colorless solid. 
^H-NMR(CDCl3) 5 2.00 (2H, t, J=7.3Hz), 2.85 (3H, s) , 2.87 (2H, t, 
j=7.3H2), 3.64 (3H, s) , 4.16 (IH, br) , 4.36 (IH, br) , 7.15-7.29 
(16H, m) 
Preparation 12 

A laixtTire of methyl N- [2- {l^-laethyl-5- 
triphenylmethylaminopyrazol-4-yl) ethyl]carbamate (15.3 g,. 34.7 
ramol) and concentrated hydrochloric acid (80 ml) was stirred under 
reflux for 13 hours. The reaction mixtaire weus washed with ethyl 
acetate. The organic layer was separated, and the aqueous layer 
was concentrated in vacuo. The residue was triturated with 
diisopropyl ether and dried in vacuo to give 2- (5-amino-l- 

methylpyrazol-4-yl);ethylamine dihydrochloridS (6.1 g) as a 
colorless solid. 

^H-NMR{radSO-d6) 5 2.68-2.71 (2H, m), 2.91-2.95 (2H, m).> 3:69 (3H, 
■s), 7.82 (IH, s), 8.14 (2H, br) 
Preparation 13 X 

To a solution of 2- (5-amino-l-methylpyra2ol-4-yl) ethylamine 
dihydrochloride (2.98 g, 14 mmol) in methanol (50 ml) wa^ added 
28% sodium methoxide solution in methanol (5.4 ml, 28 mmol) . Tiie 
mixture was filtered through Cell te, and the filtrate was 
concentrated in vacuo. A mixture of the residue and ethyl formate 
(8:0 ml) was stirred under reflux for 16 hours. To the reaction 
mixture was added chloroform, and the mixture was filtered through 
Celite. The filtrate was concentrated in vacuo to give N-[2-(5- 
amino-l-methylpyrazol^4-yi) ethyl] fbrmamide (2.7 g> as a brown oil. 
^H-MdR(CDCl3) 6 2.57 (2H, t, J=6.9Hz), 3. 40-3; 44 (2H, ni) / 3.67(3H, 
s), 5.77 (IH, br), 7.15 (IH, s) , 8.16 (IH, s) 
Preparation 14 

To a solution of N-f2- (5-amiho--l-methyipyrazol-4- 
yl) ethyl] formamide (2.7 g, 16 imnol) and triethylamine (2; 5 ml, 
17.6 mmol) in methylene chloride (50 ml) was added triphenyljuethyi 
chloride (5.2 g, l7.6 mmol), and the iaixture was stirred at room 
temperature for 3 hours. The reaction mixture was washed with 
successively 10% aqueous citric acid solution and brine. The 
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orgMiic layer was dried over anhydrous magnesiinn sulfate, filtered, 
and concentrated in vacuo. The residue was triturated with 
diisopropyl ether and dried in vacuo to givie N- [2- (l-Iaethyl-5- 
triphenylmethylaminopyrazol-4--yl) ethyl] forioamide (4,7 g) as a 
colorless solid • 

^H-NMR(CDCl3) 6 2.04 (2H, t, J=6,9Hz) , 2*87 (3H, s) , 3.01-3.06 (2H, 
m), 4.19 (IH, br), 5.17 (IH, br) , 7.14-7.31 (16H, m) , 8.02 (IH, s) 
Preparation 15 

7p-itadno-3- [3-aiaino-4- (2-f oriaamiddethyl) -2-inethyl-l- 
pyrazolio]methyl-3-cepheia-4-carboxylate bistrif luoroacetic acid 
salt 

The title coitjxjund was obtained from benzhydryl 7p-tert- 
butoxycarbonylaitdno-3-chloromethyl-3-cephem-4-carboxylate and N- 
[2-(l-inethylT:5-triphenylm6thylaininopyrazol-4-yl)ethyl]f^ in 
the same manner as in Preparation 8 i 
\ExaTnple 3 

7P- [ (Z) -2- (5-Amino-l, 2, 4-thiadiazol-3-yl) -2- (1-carboxy-l- 
methylethoxyimino) acetamido] -3- [ 3-amino-4~ (2-f ormamidoethyl) -2~ 
.methyl-l-pyrazolio]methyl-3-cephem-4-carboxylate 

The title coK^JOund was obtained from' 7p-amino~3~ [ 3-amino-4- 
. (2-f ormamidoethyl) -2-methyl-l-pyrazolio]methyl-3-cephem-4- 
carboxylate bistrif luoroacetic acid salt and (Z)-2- (5-*amino-l,2, 4- 
thiadiazol-3-yl > -2^ ( l-^tert-butoxycarbonyl-l-r 

methyl ethoxyimino) acetyl chloride hydrochloride salt in the same 
manner as in Exaic^le 1. 
^H-NMR(P20) S1.60 (3H, s) , 1.62 (3H, s), 2.63 {2H, t, J=6.5Hz)V 
3.12-3.30 (2H, ABq/ J=17.5Hz), 3.41 (IH^ dt, J=13.3^ 6.5Hz), 3.45 
(IH, dt, J=13:.3, 6.5Hz), 3.67 :(3H, s) > 4.96 and 5.22 (2H, ABq, 
J=^16.0Hz), 5.23 (IH,. d, J=5.0Hz), 5.86 (IH, d, J=^5iOHz), 7.78 (IH, 
s), 8.02 (IH, s) 
Example 4 

vp- [ (Z) -2- (5-Aminp-l^ 2^4-thiadiazol-3-yl) -2- (1-carboxy-l- 
methylethoxyimino) acetamido] -3- [3-amino-4- (2-aiainoethyl) -2-methyl- 
1-pyrazolio ] methyl-3-cephem-4-carbpxylate 

The title compound was obtained from 7p-[ (Z)-2-(5-aIaino- 
l, 2, 4-thiadiazol-3-yl) -2- (l-carboxy-l-methylethoxyimino) - 
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acetamido] -3- [3-amino-4- {2-f ormamidoethyl ) -2-methyl-l- 

pyra2olio]methyl-3-cephem-4-carboxylate in the same manner as in 
Exan^ale 2. 

^H-NMR(D20) 5 1.53 (3H, s) , 1.54 (3H, s) , 2.81 (2H, t, J=7:5Hz), 
3.20 and 3.47 (2H, ABq, J=18.0Hz), 3.21 (2H, t, J=7.5Hz), 3.70 (3H 
s), 4.95 and 5.15.{2H, ABq, J=15.'5Hz), 5.25 (IH, d, J=5.0Hz), 5.84 
(IH, d, J=5.0Hz)., 7.82 (IH, s) 
Preparation 16 

To a suspension of 5-amin6-l- (2-hydroxyethyl)pyrazole-4- 
carbonitrile (10 g, 65.7 mmol) and pyridine (100 ml) was added 
triphenylmethyl chloride (22.3 g, 78.9 mmol) at room ten^erature. 
After stirring , at . 60°C for 6 hours> the reaction mixture was 
concentrated. in vacuo. To the residue were added tetrahydrofuran 
and brine, and the separated organic layer was -washed with brine. 
The extract was dried over anhydrous magnesium sulfate, filtered, 
and concentrated in vacuo. The residue was triturated with ethyl 
acetate to give 5-aminc-l- [2- (trityloxy) ethyl ]pyraz61e-4- 
carbonitrile (25.4 g) as a colorless solid. 

^H-NMR(I^O-d«) 8 3.14 (2H, t, J=4.9H2), 4.16 {2H, t, J=4 . 9H2) , 
6.71 (2H, s), 7.21-7.38 (15H, m) , 7.61 (IH, s) 
Preparation 17 

To a isuspension of lithium alumintmi hydride (4,89 g, 129 

mmol) in tetrahydrofuran (318 ml) was added 5-amino-l- [2- 

( trityloxy) ethyl ]pyrazole-4^carbonitrile (25 . 4 g, 64 . 4 mmol) at 

room temperature. The mixture was stirred under reflux for 12 

hours. After cooling on an ice bath, sodium fluoride (25.4 g) , 

tetrahydrofuran (100 ml) , dichloromethane (200 ml) and water (10 

ml) were added to the reaction mixture. The insoluble materials 

were removed by filtration. The filtrate was concentrated in vacuo 

to give {S-amino-l- [2.- (trityloxy) ethyl]pyrazol-4-yl}methylainine 
(19.8 g) as a solid. 

"H-NMR(EMSO-d6) 6 3.16 <2H, t, J=5.5Hz), 3.45 C2H, s) , 4.10 (2H, t, 
9:=5.5Hz), 5.04 (2H, s) , 7.04 (IH, s) , 7 . 08-7 . 32 (15H, m) 
Preparation 18 

A suspension of { 5-amino-l- [2- (trityloxy) ethyl] pyra2ol-4- 
yl}methylamine (19.7 g, 49.4 mmol) in ethyl formate (500 ml) was 
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stirred at 50 °C for 3 hotirs. .After evaporation of the solvent in 
vacuo, the residue was triturated with diisopropyl ether to give 
N- { S-amino-l- [2- ( trityloxy) ethyl ] pyrazol-4-yl }inethylf onhamide 
(7.99 g) as a solid. 

^H-NMR (DMSO-de) 6 3.14 (2H, t, J=5.5Hz), 3.99 (2H, d, J=5.8Hz), 
4.09 (2H, t, J=5.5Hz), 5.21 (2H,s), 7.05 (IH, s) , 7.18-7.32 (15H, 
m), 8.01 (iH, d/ J=1.7Hz), 8.25 (IH, m) 
Preparation 19 

To a solution of (Z)-2- (5-aniinq-l,2>4-thiadiazol-3-yi) [ (2- 
tert-butoxy-l,l-dimethyl^2-oxoethoxy)imino]ethanoiG acid (5 g) in 
a mixture o.f tetrahydrofuran (80 ml) and N,N-dimethylformamide (20 
ml) was added a solution, of soditun bis (trimethylsilyl) amide (8.33 
g) in tetrahydrofuran (12 ml) , and the mixttare was stirred for 15 
minutes. To the reaction mixture was added a solution of di-tert- 
butyl dicarbonate (3.3 g) in. tetrahydrofuran (20 ml) linder ice- 
cooling, and the mixture was stirred vmder ice-cooling for 3 hours 
To the reaction mixture was added ethyl acetate, and the mixttire 
was washed with 10% aqueous potassium hydrogensulfate solution, 
and then washed with a phosphate buffer (pH 6;86) . The organic 
layer was separated, dried over anhydrous , magnesium sulfate, - 
filtered, and concentrated in vacuo. The residue was triturated 
with diisopropyl ether and dried in vacuo to give (Z) -2-(5- [ (tert- 
butoxyca2±»ohyl) amino] -1,2/ 4-thiadiazol-3-yl } t (2^tert-butoxy-l, 1- 
d±methyl-2-oxoethoxy)imino]ethanoic acid (3.10 g), 
^H-NMR (EMSO-d6) . 5 1.37 (9H, s), 1.45 (6H, s) / 1.50 (9H, s) , 12^7 
(IH, s) 

IR(KBr) : 3191.6, 2981.4, 1714.4, 1550.5, 1153.2, 1000.9 dm"^ 
ESI-MASS: m/z=429(M-H) 
Preparation 20 

A miicture of N,N-dimethylformamide (0.648 ml) and phosphoryl 
chloride (0.781 nil) was stirred at room temperature - for 30 itfinutes 
To the mixture were added tetrahydrofuran (4 ml) and (Z)-2-{5- 
[ ( tert-butoxycarbonyl) amino] -1,2, 4-thiadiazol-3-yl } ( (2-tert- 
butoxy-l,l-dimethyl-2-:oxoethoxy)imino]ethanoic acid (3 g) at 4*0, 
and the reaction mixture was stirred at room texi^erature for 1 
hour. Meanwhile, a mixture of benzhydryl 7p-amino^3'-chloramethyl- 
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3-cephem-4-carboxylate hydrochloride (3 g) and N- 
trimethylsilylacetamide (8.72 g) in tetrahydrofuran (15 ml) was 
warmed to make a clear solution. The solution was then cooled to 
-20°C and added to the activated acid solution obtained above * The 
reaction mixture was stirred at a tenperature of -iCc to Cc for 
1 hour and poured into a mixture of ethyl acetate and water. The 
aqueous layer was separated, and the organic layer was washed with 
brine, dried over aiihydrous magnesium sulfate and filtered. The 
filtrate was concentrated in vacuo and purified by column 
chromatography on. silica gel eluting with hexane/ethyl acetate 
(3:2) to give benzhydryl 7^- [ ( Z ) -2- ( 5-tert-butoxycarbonylamino- 
1,2, 4-thiadia2ol-3-yl) -2- (1-tert-butoxycarbonyl-l- 

methylethoxyiinino)acetafflido]-3-chloromethyl-3-cfephem^4-carboxylate 
(4.79 g) . 

^H-NMR(DMS0-d6) 5 1.39 (6H, s) , 1.48 (3H, s) , 1.50 (6H, s), 3.58 
(IH, d, J=18.3Hz), 3.76 (IH, d, J=ia.3Hz), 4.44 (2H, s), 5.29 (IH, 
d, J=5.0H2)> 6.01 (IH, dd, J=8.6, 5.0Hz), 6.97 (IH, s) , 7.2-7.6 
(lOH, m), 9.65 (IH, d, J=5.0H2), 12.7 (IH, s) . ; 
IR(KBr): 2981.4, 1793.5, 1720.2, 1524.8, 1371.1, 1247.7, 1151.3 



ESI-MASS; m/z=849 (M+Na) 
Exanple 5 

To a solution of 5-aminorT4~forinamidomethyl-l- (2- 
triphenylmethyloxyethyDpyrazole (2.06 g) in dichloromethane (10 
ml) were added trimethylsilyl iodide (1.38 ml) and 
diisopropylethylamine (1.68 ml) under ice-cooling, and the mixture 
was stirred under ice-cooling for 2 hours. To the reaction mixture 
was added a mixtture of benzhydryl 7p-[ (Z)-2- (5-tert- 
butoxycarbonylamino-l, 2, 4-thiadiazol-3-yl) -2- (1-tert- 
butoxycarbonyl-l-methylethoxyimino) acetamido] -3-chloroinfithyl-3- 
cephem-4-carboxylate (2 g) and sodium iodide (364 mg) in N, N- 
dimethylformamide (4 ml) which had been stirred under ice-cooling 
for 0 . 5 hour . The reaction mixture was stirred at room ten5>erature 
for 22 hoxurs and added to a mixture of ethyl acetate and water. 
The organic layer was separated and dried over magnesium sulfate. 
The magnesium sxilfate was filtered off, and the filtrate was 
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concentrated to about 20 ml in vacuo. The concentrate was poured 
into diisopropyl ether (150 ml), and the resulting precipitate was 
collected by filtration and dried in vacuo- To a solution of the 
resulting solid in methylene chloride (9 ml) were added anisole (3 
ml) and trifluoroacetic acid (6 ml) . The resulting solution was 
stirred at room temperature for 3 hours and poured into 
diisopropyl ether (300 ml). The resulting precipitate was 
collected by filtration and dried in vacuo. The obtained powder 
was dissolved in a phosphate buffer (pH 7) , and the solution was 
jadjusted to about pH 6 with saturated aqueous sodium 
hydrogencarbonate solution. The solution containing the objective 
conpound was purified by preparative HPLC utilizing ODS column. 
The eliiate containing a desired product was concentrated in va.cuo . 
The concentrate was adjusted to about pH 2 with concentrated 
hydrochloric acid and chroma tographed on Diaion® HP-20 (Mitsiibishi 
Chemical Corporation) eluting with 20% aqueous 2-propanol. The 
* eluate was evaporated in vacuo and lyophilized to give 7p-[(Z)-2-, 
(S-amino-l, 2, 4~thiadiazol-3-yl) -2- (1-carboxy-l-methylethoxyimino) - 
acetamido]--3~ [3-amino-4-forinamidomethyl-2- (2-hydroxyethyl) -l- 
pyrazolio]methyl-^3-cephem-4-carboxylate {X03 mg) as an aiabrphous 
solid. 

%-NMR(D26) 5 1.54 (3H, s)^ 1. 55 (3H, s) , 3.07 (IH, d, •J=17 .7Hz) , 
3.36 (IH, d> J=17.7Hz), 3.84 =(2H, t, J=4.8Hz);, 4.23 (2H, s) , 4.33 

(2H, s), 4.33 (2H, t> J=4.8Hz), 5.04 (lH, d, J=12.3Hz)^ 5.16 (IH, • 
,d/ J=^12.3Hz), 5.22 (IH, d> J=4.9Hz), 5.85 (IH, d, J=4.9Hz), 7.94 

(1h/ s) , 8.11 (IH, s) : 

IR(KBr): 3318.9, 1772.3, 1666.2, 1652.7, 1396.2 cm"^ 
ESr-M2\SS: m/z=651 (M-H)"^. 
Exaiig>le 6 

To a solution of 7p- [ (Z ) -2- ( 5-amino-l , 2 , 4-thiadiazol--3-yl ) - 
2" ( l-carboHy-l-methylethoxyimino) acetamido ] -3- [ 3-amino-4-^ 
formamidomethyl-2- (2-hydroxyethyl) -l-pyrazolio]metliyl-3-cephem-4- 
carboxylate (97 mg) in methanol (1 ml) was added concentrated 
hydrochloric acid (0.1 ml) at room temperature. The mixture was 
stirred at room teicperature for 4.5 hours and poured into ethyl 
acetate. The resulting precipitate was collected by filtration and 
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dried in vacuo. The obtained. powder was dissolved in a phosphate 
buffer (pH 1) , and the solution was adjusted to about pH 6 with 
saturated aqueous sodium hydrogencarbonate solution. The solution 
containing the objective compound was purified by preparative HPLC 
utilizing ODS column • The eluate containing the desired product 
was concentrated in vacuo. The concentrate was adjusted to about 
pH 2 with concentrated hydrochloric acid and chromatographed on 
Diaion® HP-20 (Mitsubishi Chemical Corporation) eluting with 20% 
aqueous 2-propanol . The eluate was concentrated in vacuo and 
lyophilized to give 73- [ (Z) -2- {5-amino-l> 2, 4-thiadiazol"3-yl) -2- (1- 
carboxy-l-methylethoxyimino) acetamido] --3- [3"amino-4-aItdnomethyl-2- 
(2-hydroxyethyl) -l-pyrazolio]methyl-r3-cephem-4-carboxylate (17 . 5 
lag) . • 

^H-NMR (D20) 5 1.53 (3H, s) , 1 • 54 (3H, s) , 3 . 17 (IH, d, J=17 .7Hz) , 
. 3.53 (IH, d, J=17.7Hz) , 3.89 (2H, t, J==4.7Hz) , 4.10 (2H, s) , 4.41 
(2H, t, J=4.7Hz), 5.04 CIH, d, J=17.6Hz), 5.15 (IH, d, J=17.6Hz>> 
5.28 (IH/d/ J=4.9Hz), 5.86 (IH, d, J=4.9Hz), 8.10 (lH> s) . • 
ESI-MZVSS: m/z=623 (M-H)"*' 
Preparation 21 

To a suspension of sodiim hydride (55% dispersion In itojieral 
oil, 26.2 g, 600 ramol) in tetrahydrofuran (1000 ml) was added 
diethyl (cyanomethyl)phosphonate (106.3- g, 600 ramol) uiider ice- 
cooling. The mixture was stirred undier ice-cooling for 20 minutes. 
To the mixture was added l-methyl-5-triphenylmethylaminopyrazole-' 
4-carbaldehyde (197 g, 530 mmol) , and the mixture was stirred for 
2 hours. The reaction mixture was poured into ice-cold water. The 
mixture was extracted witlx ethyl acetate. The extract was dried 
oyer anhydrous magnesium sulfate, filtered, and concentrated in 
vacuo. The residue was triturated with diethyl ether to give 3- (1- 
methyl-5-triphenylmethylaminopyrazQl-4-yl) acrylonitrile (E, Z 
laixture, 126 g) as a solid. 
E form 

^H-NMR(CDCl3) 5 3.i4 (3H, s) , 4 .45 (IH/ br) , 5.09 (IH, d> J^16.5Hz), 
6.43 (IH, d. J=16.5H2) , 7.17-7.32 (i5H, m) , 7.42 (IH, s) 
Z form 

^H-NHR(CDCl3) 5 3.09 (3H> s), 4.37 (IH, br) , 4.58 (IH, d, J=11.9Hz), 
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6.22 (IH, J=11.9Hz), 7.17-7,32 (15H, m) , 8.14 (IH, s) 
Preparation 22 

To a solution of 3- (l-Inethyl-5-triphenylIllethylaminopyrazol- 
4-yl)acrylonitrile (E,Z mixture, 26 g, 66.6 mmol) in methylene 
chloride (250 ml) was added dropwise a solution of 
diisobutylaluminum hydride in toluene (1.0 mol/1, 200 ml, 200 
mmol) xmder ice-cooling. The mixture was stirred at room 
temperature for 24 hours. To the reaction mixture was added 
dropwise methanol (100 ml) . To the mixture were added sddiim 
fluoride (5 g) and methanol (300 lal) . The insoluble materials were 
' removed by filtration. After evaporation of the solvent in vacuo, 
the oily residue was dissolved in methylene chloride. To the 
solution were added saturated aqueous sodiimi hydrogencarbonate 

^ solution (25 ml) and di-tert-butyl dicarbonate (20 g) . The mixture 
was stirred at room temperature for 17 hours. The aqueous layer 
was separated, and the organic layer was washed with water. The 

/; organic layer was dried over sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by column 
chromatography on silica gel eluting with ethyl acetate/hexane . 
The eluate was concentrated in vacuo, and the residue m 
recrystallized from diethyl ether to give t^rt-butyl N-[3-(l- 
methyl-5-triphenylmethylaminopyrazol-4-yl) -2 -propenyl] carbamate 
(E,Z mixture, 1.8 g) as colorless crystals. 
E form 

%-NMR(CDCl3) S 1.47 (9H, s), 2.90 (3H, s), 3.49-3.52 (2H, m) , 4.17 
(IH, s), 4.18 (IH, br), 5.55^5.63 (2H, m), 7.18-7.30 (15H, m) , 
7.38 (IH, s) 
Z form 

/H-NMR(CDCl3) 6 1.44 (9H, s) , 2.95 (3H, s), 3.76-3.80 (2H, m) , 4.35 
(IH, br), 4.38 (IH, br) , 5.05^5.09 (IH, m), 5.56 (IH, d, J=11.5Hz), 
7.18-7.29 (16H, m) 
Example 7 ; ^ 

To a solution of benzhydryl 73- [ (Z) -2- (S-tert'- 
butoxycarbonylMaino-l/ 2, 4-Uiiadiazol- 

butoxycarbonyl-l-^methylethoxyimino),acetamido] -3-chlordniethyl-3'- 
cephem-4-carboxylate (1. 02 g, 1.20 lumpl) in N,N-dimethylformamide 
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(2.1 ml) was added sodium iodide (203 mg, 1.35 inmol) , and the 
mixture was stirred at room tenperature for 30 minutes . To the 
resulting reaction mixture were added tert-butyl N- [3- (1 -methyl- 5- 
triphenylmethylaininopyrazol-4-yl)-2-propehyl] carbamate (E, Z 
mixture, 1.40 g, 2.80 mmol) and methylene chloride (4.2 ml). The 
whole mixture was stirred at room temperature for 24 hours. To the 
reaction mixture were added ethyl acetate (100 ml) and water (50 
ml). The aqueous layer was separated, and the organib layer was 
washed with brine, dried over sodivim sulfate, and filtered. The 
filtrate was concentrated to about 5 ml in vacuo. The concentrate 
was poured into diisopropyl ether (160 ml) , and the resulting 
precipitate was collected by filtration and dried in vacuo. To a 
solution of the. resulting. solid in methylene chloride (4.29 ml) 
were added aijisole (1.43 ml) and trifiuoroacetic: acid (2.86 ml) 
under ice-cooling. The resulting solution was stirred at room 
tenperature for. 3 hours and poured into diisopropyl ether (120 ml) 
The resulting precipitate was collected by filtration and dried in 
vacuo to give a solid (1.32 g). The solid was purified by 
preparative HPLG utilizing -ODS colimini The first eluate containing 
a desired product was concentrated to about 30 ml in vacuo. The 
concentrate was adjusted to about pH 3 with concentrated 
hydrochloric acid and chromatographed on Diaidn® HP-20 (Mitsubishi 
Chemical Corporation) eluting with 30% aqueous 2-propan6l. The 
eluate was concentrated to about 30 ml in vacuo and lyophilized to 
give 7p- ( (2) -2- (S^amino-l, 2, 4-thiadiazol-3-yl) -2- (1-carboxy-l- 
methylethoxyimino) acetamido] -3- [3-amino-4- ( (E) -3-amino-l- 
propenyl) -2-methyl-l-pyrazolio]methyl-3-cephem-4-carboxylate (35. 
iag) as an amorphous solid. 

^H-NMR(D20) 5 1.52 (6H, s), 3.18 and 3.44 (2H, ABq, J=17.8Hz), 3.71 
(3H, s), 3.73 ^H, d, J=7.0Hz), 4.99 and 5.17 (2H, ABq, J=15.3Hz), 
5.25 (IH, d, J=4.8Hz), 5.84 (IH, d, J=4.8Hz), 6.08 (IH, dt, J=16.0 
7.0Hz), 6.49 (IH, d, J=16.0Hz), 8.05 (IH, s) 

The second eluate was treated in the same mariner as 
described above to give 7^-[ (Z)^2- (5-amino-l,2,.4-thiadiazol-3-yl)- 
2- (l-i-ceurbbxy-l-methylethoxyimino) aicetamido] -3- [3-^amiho-^4- ( (Z) -3- 
amino-l-prppenyl) ^2-methyl-l-pyrazolio]methyl-3-cephem-4^ 
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carboxylate (14 mg) as an amorphous solid. 
. ^H-NMR(P20) 5 1.52 (6H, s) , 3.21 and 3,47 (2H, ABq, J=18.0Hz) , 3.72 

(3H, s), 3.79 (IH, ddd, J=14.7, 6.1, 1.6Hz), 3.82 (IH, ddd, 
J=14.7Hz, 6.7Hz, l,6Hz), 4.98 and 5.18 (2H, ABq, J=15.3Hz), 5.25 

(IH, d, J=5.0Hz), 5.83 (IH, dt, J=11.5^ 6.7Hz), 5.84 (IH, d, 
J=5.0Hz), 6.35 (IH, d, J=11.5Hz), 7.91 (IH, s) 
Preparation 23 

To a solution of 5-am j.no- 4 -aiainome thyl- 1 -methylpyr a zole 
dihydrochloride (10 g) in methanol (100 ml)- was added 28% sodiumi 
metiioxide solution in methanol (19.4 ml) . The mixture was filtered, 
and the filtrate was concentrated in vacuo . Separately, acetic 
anhydride (14.2 ml) was added to formic acid (11.5 ml), and the 
mixture was stirred at room teirperature for 30 minutes. The 
resulting mixture was added to the oily residue obtained above (5- 
amino-4-aminomethyl-l-methylpyrazole) , and the mixture was stirred 
at room temperature for 2 hours. After evaporation of the solvent 
in :vacuo, water was added to the residue. The mixture was adjusted 
, . to pH 9.5 with Diaion® SA10A(OH") (Mitsubishi Chemical Coporation) 
The mixtixre was filtered and concentrated in vacuo. The residue 
was. purified by column chromatography on §ilica gel eluting with 
dichloromethane/methanol (3:1) to give 5-formamido-4~ 
formamidomethyl-l-methylpyrazole (3 . 97 g) . 

^H-NMRClMSb-de) 5 3.59 (3H, s) , 3.98 (2H, d, J=5.8Hz), 7.30 (IH, s) , 
8.01 (IH, t, J=5.8Hz),. 8.15 (IH, s) , 8.39 (IH, s) , 9.95 (IH, s) 
ESI-M?\SS: m/z=205(M+H) 
Preparation 24 . 

To a solution of benzhydryl 7p-tert-butoxycarbonylaminb-3- 
chloromethyl-3-cephem-4-carboxylate (3.5 g) in N,N- 
dimethylformamide (4.5= ml) was added sodium iodide (1. 02 g) , and 
the jnixture was stirred at room temperature for 30 minutes. To the 
reaction mixture vfere added S-formamido-4-formamidomethyl-l- 
methylpyrazole (3.71 g) . The whole mixture was stirred at room 
ten^erature for 29 hours and poured into a mixture of ethyl 
acetate and water. The aqueous layer was separated, and the 
organic layer was washed with brine, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated to 
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about 20 ml in vacuo. The concentrate was poured into diisopropyl 
ether (300 ml) , and the resulting precipitate was collected by 
filtration and dried in vacuo. To a solution of the resulting 
solid in methylene chloride (10.5 ml) were added anisole (3.5 ml) 
and trifluoroacetic acid (7 ml) . The resulting solution was 
stirred at room teiiperature for 3 hours and poured into 
diisopropyl ether. • The resulting precipitate was collected by 
filtration and dried in vacuo to give crude 7p-amino-3- (3- 
f onnamido-4 -f ormamidomethyl -2-me thyl-1 -pyr azolio ) iae thyl- 3-cephem- 
4-carboxylate bistrif luoroacetate (3 i 07 g) . This product was used 
in the next step without further purification. 
Exaiig>le 8 

To a solution of crude 7p-amino^3- (3-foriaamido--4-- 
formamidomethyl~2~methyl-•l-pyrazolio)methyl-3--cephem-4-carbdxylate 
bistrifluoroacetate (3.07 g) and N-trimethylsilylacetamide (6.47 
g) in a mixed solvent of N,N-dimethylformamide (15 mi) and: 
tetrahydrofuran (15 ml) was added (Z) -2- (5-amino-l, 2, 4-thiadiazol'- 
3-yl) ~2~ (l--tert--butoxycarbonyl-l-methylethoxyimino) acetyl chloride 
hydrochloride salt (1.9 g) under ice-cooling. The solution was 
stirred under ice-cooling for 2 hours. The reaction mixture was 
poured into ethyl acetate (300 ml) ^ and the mixture was stirred 
for 30 minutes. The resulting precipitate was collected by 
filtration, washed with successively ethyl acetate and diisopropyl 
ether, and dried in vacuo to give a solid (3,: 2 8 g) . 

To a suspension of the resulting solid in methylene chloride 
(9 ml) were added anisole (3 ml) and trifluoroacetic acid (6 ml) 
under ice-cooling. The resulting solution was stirred at room 
ten5>erature for 3 hotars and poured into diisopropyl ether. The 
resulting precipitate was collected by filtration and dried in 
vacuo to give crude product of . 7p-[ (Z)-2- (5-amino-lf 2> 4-thiadiazol- 

3- yl) -2- (l-carbdxy-l^methylethoxyimino) acetamido] -3- (3-f ormamido- 

4- f ormamddome thyl-2^methyl-l-pyrazolio ) methyl-3-c^^ 
carboxylate (3.44 g) . This product was used iri the next step 
without further purification. 

Example 9 

To a solution of 7p- [ (Z) -2- (5-amino-l, 2, 4-thiadiazol^3-yl) - 
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2~ (1-carboxy-l-methylethoxyimino) acetamido] -3- (3-fo2niiaitiido-4- 
foriaamidomethyl-2"methyl-l--pyrazolio)methyl-3-cephem-^ 
(2.5 g) in methanol (25 lal) was added concentrated hydrochloric 
acid (2.5 ml) at room temperature. The udxture was stirred at room 
temperature for 17 hours. The reaction mixture was adjusted to 
about pH 7 with saturated aqueous sodium hydrogencarbonate 
solution and concentrated in vacuo to remove methanol. The 
resulting residue was purified by preparative HPLC utilizing ODS 
column. The eluate containing a desired product was concentrated 
to about 30 ml in vacuo. The concentrate was adjusted to about pH 
1 with concentrated hydrochloric, acid and chromatographed on 
Diaion® HP-20 (Mitsubishi Ghemical Corporation) eluting with 20% 
aqueous 2~propanol. The eluate was concentrated in vacuo and 
lyophilized to give 7p- [ (Z) -2- (S-amino-l, 2, 4-thiadiazol~3-yl) -2- (1- 
V carboxy-l-methylethoxyimino) acetamido] -3- {3-amino-4--aminomethyl-2- 
methyl-l-pyrazolio)methyl~3-cephem-4-carboxylate {50 mg) as an 
amorphous solid. 

^H-NMR(D20) 8 1.53 (3H, s), 1.54 (3H, s) , 3.20 (IH/ d, J=17 . 8Hz) , 
3.48(1H, d, J-17.8HZ), 3.73 (3H, s) , 4.08 (2H, s), 4.99 (1H>: d, 
. 1^=15. 4Hz), 5.19 (IH, d, 0^15. 4Hz), 5.26 (iH, d/ 0^4. 9Hz), 5.86 (IH 
d, a^4.9Hz>, 8.04 (IH, s) 

IR(KBr): 3345,9, 3183.9, 1770.3, 1594.8, 1398.1 cm"^ 
ESI-MASS: m/z=595(M+H) . 
Preparation 25 

To a suspension of lithium aliminum hydride (3.01 g) in 
tetrahydrofuran (150 ml) was added l-etOxyl-S- (tritylamino) -IH- 
pyrazole-4-carbonitrile (7.5 g) at room tenqperature . The mixture 
was refluxed for 55 hours. After cooling on an ice bath^ sodium 
fluoride (13.3 g) and water (6 ml) were added to the reaction 
mixture. The insoluble materials were removed by filtration. The 
filtrate was evaporated to give 4-aminomethyl-l-ethyl-5- 
tritylaminopyrazoie p . 4 g) . 

^H-NMR{EMS0-d6) 5 0,89 (3H, t, J=7.2Hz) , 2*87 (2H/ s) , 3.18 (2H> q, 
J=7.2Hz), 5.71 (IH, s), 6.76 (IH, s) , 7,0-7.4 (15H, m) 
ESI-MASS: m/z=:383(M+H) 
Preparation 26 
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To ai solution of 4-aiiiinomethyl-l-ethyl-5-tritylaminopyrazole 
(3 g) in tetrahydrofuran (30 ml) was added di-tert-butyl 
dicarbonate (2.05 g) . The mixture was stirred at room terr^jerature 
for 4 hours. The reaction mixture was added to ethyl acetate and 
water. The aqueous layer was separated, and the organic layer was 
dried over anhydrous magnesium sulfate and filtered. The filtrate 
was concentrated in vacuo and purified by column chromatography on 
silica gel eluting with ethyl acetate/hexane (2:3) . The eluate was 
concentrated in vacuo to give 4-tert-butoxycarbonylaminomethyl-l- 
ethyl-5-tritylaminopyrazole: (2.55 g) . 

^H-NMR(EMSO-d6) 6 0.88 (3H, t, J=7.2H2), 1.36 (9H, s) , 3.17 (2E, q, 
J=7.2Hz), 3.22 (2H> d, ;J=5.7Hz)> 5.78 (IH, s) , 6.35 (IH, t, 
J=5.7Hz), 7.05 (IH, s), 7-. 1-7. 4 (15H, m) 
APC-MASS: m/z=482 . .... 

Example 10 . : •> 

To a suspension of a mixture of benzhydryl 70-[ (Z)-r2- (5- 
tert-butoxycarbonylamino-1, 2, 4-thiadiazol-3-yl) -2- (1-tert- 
butoxycarbonyl-l-iaethylethoxyimino) acetamido] -3-Ghloromethyl-3- 
Gephem-4-carboxylate (1 g) and sodium iodide (199 mg) ih N,N- 
diiaethylformamide (3 ml) was added 4-tert-*^ 

butoxycarbonylaminomethyl-l-ethyl-5-tritylaminopyrazole (1.17 g) , 
and the mixture was stirred at room tenpesratUre for 47 hours. The 
reaction mixture was added to a mixture of ethyl acetate (30 ml) 
and water (20 ml) . The organic layer was separated, washed with 
brine (15 ml), and dried over anhydrous magtiesiinn sulfate. The 
magnesium sulfate was filtered off, and the filtrate was 
evaporated to about 5 ml imder reduced pressure. The concentrate 
was poured into diisopropyl ether (150 ml) ,■ and the resulting 
precipitate was collected by filtration and dried in vacuo. To a 
solution of the resulting solid in itethyleniB chloride (4.5 ml) 
were added anisole (1.5 ml) and trifluoroacetic acid (3 ml),. The 
resulting solution was stirred at room tenc^erature for 3 hours and 
poured into diisopropyl ether. The resulting precipitate was 
collected by filtration and dried in vacuo. The bbtained powder 
was dissolved in a phosphate buffer (pH 7) and Adjusted to about 
pH 6 with saturated aqueous sodium hydrogencarbonate solution. The 
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solution containing the objective conpound was purified by 
preparative HPLC utilizing ODS column. The eluate containing a 
desired product was concentrated in vacuo. The concentrate was 
adjusted to about pH 2 with concentrated hydrochloric acid and 
chromatographed on Diaion® HP-:20 (Mitsubishi Chemical Corporation) 
eluting with 20% aquisous 2-propanol- The eluate was evaporated in 
vacuo and lyophilized to give 7^- [ (Z) -2- (5-amino-l, 2/4-thiadiazol- 
. 3-yl) -2- (l-carboxy-l-methylethoxyimino).acetamido] -3- (3-aitiino-4- 
aminoiaethyl-2-ethyl-l-pyrazolio) inethyl-3-cephem-4-carb6xylate (155 
mg) as an amorphous solid. 

^H«NMR(D20) 6 1.30 (3H, t, J=7.2Hz), 1.52 (3H, s), 1.53 (3H, s) , 
3.17 (IH, d/ J=17.8Hz), 3.48 (IH/ d, J=17.8Hz), 4.06 (2H, s) , 4.24 

(2H, q, J=7.2Hz), 5.04 (IH, d, J=15.5Hz), 5.16 (IH, d, J-15.5Hz), 
5.25 (IH, d, J=4.9Hz), 5.84 (IH^ d/J=4.9Hz), 8.04 (Is/ s) 
ESI-MASS: in/z=609 (M+H) 
Preparation 27 

To a solution of 5-amino-l-isopropyl-lH-pyrazole-4- 
carbonitrile (10.4 g) in pyridine (200 ml) was added 
triphenylmethyl chloride (23.2 g) at room temperature. The mixture 
was stirred at 60**C for 5 hours. The reaction ittixture was; : 
evaporated under reduced pressure and extracted with ethyl acetate . 
The extract was dried over anhydrous magnesium sulfate, filtered/ 
and evaporated vacuo . The residue was trituratied with diisoprbpyl 
ether to give l-isopropyl-5-tritylaiaino-lH-pyrazole-4-carbonitrile 

(19.1 g) . 

^H-NMR(l»lSO-d6) .6 1.18 (6H, d, J=6.5Hz), 4.61 (IH, qq, J=6.5Hz), 
6.71 (IH, s), 7.1-7.4 {15H, m) , 7.51 (IH, s) 
ESI-MZ\SS: m/z=415(M+Na) 
Preparation 28 

To a suspension of lithium aluminum hydride (3.09 g) in 
tetrahydrofuran (160 ml) was added l-isopropyl-5-tritylamino-lH-- 
pyrazole-4-carbonitrile (8 g) at room temperature. The mixture was 
re fluxed for 72 hours. After cooling on an ice bath> sodium 
fluoride (13.7 g) and water (6 ml) were added to the reaction 
mixture. The insoluble materials were removed by filtration,^ and 
the filtrate was evaporated in vacuo. To a solution of the residue 
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in tetrahydrofuran (80 ml) was added di-tert-butyl dicarbonate 
(6,68 g), and the mixture was stirred at room temperature for 3 
hours- The reaction itdxture was evaporated in vacuo, and the 
residue was purified by column chromatography on silica gel 
eluting with ethyl acetate/hexane (1:3). The eluate was 
concentrated in vacuo to give 4-tiBrt-butoxycarbonylaminomethyl-l- 
isopropyl-5-tritylaminopyrazole (3.12 g) . 

^H-NMR(EMSO-d6) 5 0.80 '(6H, d,- J=6.6Hz), 1.36 {9H, s), 3.24 (2H, d, 
J=5.7Hz), 4.08 (IH, qq, J=6.6Hz), 5.73. (IH, s), 6.34 (IH, t, 
J=5.7Hz), 7.07 (IH, s) , 7.1-7.3 (15H, m) 
APC-MASS: m/z=496 
Example 11 

7p- [ (Z) -2- (5-Amino-l, 2, 4-thiadiazbl-3-yl) -2- (l-carboxy-l- 
methylethoxyimino) acetamido] -3- (3-amino-4-aminomethyl-2-isopropyl- 
1-pyrazplio ] methyl-3-cephem-4-carboxylate 

The title compound was obtained from benzhydryl 7p-[(Z)"2- 
(5--tert-butoxycarbonylamino-l, 2, 4-thiadiazol-3-^yl) -2- (l-tert~ 
butoxycarbonyl-l-methylethoxyimino) acetamido] -3^chloromethyl-3- 
cephem--4-carboxylate and 4-tert-butoxycarbonylaminbmethyl-l- 
isopropyl--5-tritylaminopyrazole in the same manner as in Example 
10. 

^H-NMR(D20) 6 1.4-1.7 (12H, m) , 3.10 (1h/ d, J=17 . 6Hz) , 3 . 44 (IH, d, 
J=^17.6Hz).^ 4.07 (2H, s), 4.6-5.0 (IH, m) , 5.10 (IH, d, J=15.6Hz), 
5.22 (IH, d, J=15.6Hz) , 5.27 (IH, d, J=4 . 7Hz) , 5.84 (IH, d, 
J==4.7Hz), 8.05 (IH, s) 
ESI-MASS: m/z==623(M+H) 
Preparation 29 

To a suspension of 5-amino-l-propyl-lH-pyrazble-4- 
carbonitrile (16.32 g) in pyridine (160 ml) was added 
triphenylmethyl chloride (36.35 g) at room ten^^eratur^ . After 
stirring at 60**C for 5 hoxrrs, the reaction mixture was evaporated 
in vacuo. The residue was added to a mixture of tetrahydrofuran 
and brine, and the organic layer was separated and Washed with 
brine • The extract was dried over anhydrous magnesium sulfate, 
filtered/ and evaporated in vacuo. To the residue was triturated 
with diisopropyl ether to give l-propyl-5-tritylamino-lH-pyrazole- 
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4-carbonitrile (37.21 g) as a colorless solid. 

^H-NMR(DMS0-d6) 5 0.80 (3H, t, J=7.4Hz), 1.60-1,78 (2H, m) , 3.85 
(2H, t, J=5.6Hz), 6.76 (IH, s), 7.22-7.31 {15H, la) , 7.48 (IH, s) 

Preparation 30 

To a suspension of lithium aliminim hydride (8.94 g) in 
tetrahydrofuran (600 ml) was added l-propyl-5-tritylacaino-lH- 
pyrazole-4-carbonitrile (37 g) at room temperature. The mixtiire 
was refluxed for 7 days. After cooling on an ice bath, sodium 
fluoride (40 g) and water (17 ml) were added to the reaction 
mixture. The insoluble materials were removed by filtration. To 
the filtrate was added ethyl formate/ and the mixture was refluxed 
for 24 hours. After evaporation of the solvent in vacuo, the 
residue was triturated with diisopropyl ether and dried in vacuo 
to give 4-aminomethyl-l-propyl-5-tritylaminopyrazole (30.3 g) . 
^H-NMR(DMS0-d6) 6 0.65 (3H, t, J=7.4Hz), 1 . 38 (2H, qt/ J=7 . 4Hz) , 
r:;: 2.89 {2H, s), 3.06 {2H, t, J=7.4Hz), 5.72 (1H, S), 7.1-7;5 (16H, 
m) 

Preparation 31 ' 

To a solution of 4-aminomethyl-l-propyl-5- 
tritylaminopyrazole (9.6 g) in a mixture of ethyl acetate (150 ml) 
and methanol (30 ml) was added 4N hydrochloric acid in ethyl 
acetate (24.2. ml), and the mixture was stirred at room temperature 
for 2 hours. The resulting precipitate was collected by filtration 
and dried in vacuo to give 4--and.nomethyl-l^propyl-5-^aminopyrazble 
dihydrochloride (3.3 g) . 

^H-NMR(EMSO-d6) 5 0.81 (3H, t, J=7.4Hz), 1-64 (2H, qt; J=7.4Hz), 
3.83 (2H, t, J=7.4Hz), 3.94 (2H, s), 7.52 (IH, s) 
Preparation 32 

A solution of 4-^aminomethyl-l-propyl-5-"aminopyrazole 
dihydrochloride- (3.6 g) in a mixture of tetrahydrofuran (35 ml) 
and water (35 ml) was adjusted to pH 9 with saturated aqueous 
sodium carbonate solution, and then to the solution was added a 
solution of di-tert-butyl di carbonate (6.92 g) in tetrahydrofuran 
(15 ml) . The mixture was stirred for 1 hour maintaining the pH of 
the solution at pH 9 with sa:turated aqueous sodium carbonate 
solution. The reaction mixture was added to ethyl acetate and 
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water. The aqueous layer was separated, and the organic layer was 
dried over anhydrous magnesium sulfate and filtered. The filtrate 
was concentrated in vacuo, aiid the residue was triturated with 
diisopropyl ether and dried in vacuo to give 4-tert- 
butoxycarbonylaminomethyl-l-propyl-5-aminopyrazole (2.21 g) . 
/H--NMR(DMS0-d6) 6 0.82 (3H, t, J=7.4H2), 1.37 (9H, s) , 1.63 {2H, qt, 
J=7.4Hz), 3.75 (2H, t, J=7.4Hz) 3.76 (2H, d, J=5.8Hz), 5.02 .(2H, 
s), 6.94 (IH, s), 6.99 (IH, t, J=5.8Hz) 
ESI-tC^S: m/z=255(M+H) 
Preparation 33 

4-tert-Butoxycarbonylaminomethyl-l-propyl-5- 
tritylaminopyrazole 

The title coit5>ound was bbtainecl from 4-tert- 

butoxycarbonylaminomethyl-l-propyl-S-aminopyrazole in the same 
manner as in Preparation 27 . 

. ^H-NMR(DMS0-d6) 5 0. 64 (3H, t, J=7 . 4Hz) , 1. 3-1 .5 (IIH, i6)V3.05 (2H/ 
t, J=7.4H2), 3.23 (2H, d, J=5.7Hz), 5.79 (IH, s) , 6.36 (IH, t, •> 
J=5.7Hz), 7.05 (IH, s) , 7:i-7.5 (15H, m) 
ESI-MASS; m/z=497 (M+H) 

Example . 12 / , , 

7p- [ (Z) -2- (5-Amino-lv 2, 4-thiadiazol-^3-yl) -2- (1-carboxy-l- 
methylethoxyiminb) acetaiaido] -3- (3-amino-4-aminbmethyl-2-propyl--l- 
pyrazoliblmethyl-3-ceph^--4-carbpxylate 

The title coapbund was obtained from behzhydryl 7p-[(Z)-2- 
{5-tert-butoxycarbonylamino-l, 2, 4-thiadiazpl-3-yl) -2- (1-tert- 
butoxycarbonyl-l-methylethQxyiitdno)acetaDp.do]-3-chloromethyl-3- 
cephem-4-carboxylate and 4-tert-butoxycarbonylaminomethyl-l- 
propyl-5-tritylaminopyrazole in the same manner as in E&an^le. lO. 
^H-NMR(P20).5 0.91 (3H, t> J=^7.4Hz), 1.52 (3h/s), 1.53 (3H, s)> 
1.69 (2H, ,qt, J^7.4Hz)> 3.15 (IH, d, J=:17.8H2), 3.45 (IH, d, 
J=17.8Hz), 4.07 , (2H, s)/ 4.16 (2H, t> J=7.4Hz)> 5.05 (lH, ,d, 
J=15.lHz), 5.16 (IH, d, J=15.1Hz), 5.24 (IH, d, J=4.8Hz)/ .5.84 (IH, 
d, J=4.8Hz), 8.06 (IH, s) 

IR(KBr): 3342.0, 1772.3, 1652.7, 1592.9, 1398.1, 1361.5 cm"^ 
Preparation 34 

To a soiutibn of 5-amdLno-l-{2-hydrGxyethyl)-iH-pyrazole-4- 
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carbonitrile (15 g) in methanol (300 ml) was added hydrochloric 
acid (1.8 ml) imder ice-cooling. The resulting solutipn was 
stirred for 15 minutes. The mixture was treated with 10% palladium 
carbon (7.5 g) under a hydrogen atmosphere at room teicperature for 
3 hours. After the catalyst was filtered off , the filtrate was 
concentrated in vacuo to give 5-aiaino-l- (2-hydroxyethyl) -IH- 
pyrazole-4-carbaldehyde (13.3 g) . 

^H-NMR(D20) 5 3.82M.00 (2H, m), 4.06-4.20 (2H, m) , 7.99 (lH, s), 
9.51 (IH, s) 
Preparation 35 

To a solution of S-amino-l- (2-hydroxyethyl) -lH-piyrazole-4- 
carbaldehyde (40.2 g) in pyridine (400 ml) was . added 
triphenylmethyl chloride (86.7 g) at room tenperature. The ttdxture 
was stirred at 60 ''C for 5 hours. The reaction mixture was 
evaporated under reduced pressure and extracted with ethyl acetate 
The extract was dried over anhydrous maghesiimci sulfate, filtered, 
and evaporated in vacuo. • The residue was purified by column 
chromatography on silica gel e luting with ethyl acetate/hexane 
(3:2) to give 5-amino-l- (2-triphenylmethyloxyethyl) -lHr-pyra2ole-4- 
carbaldehyde (62.8 g). , 

^H-NMR(DMSO-d€) 6 3.17 (2H, t, J=4.9Hz), 4.18 (2H, t, J=4.9H2)/ : 
6.92 (2H,.s), 7,0-7.4 (15H, m) , 7.75 (IH, s) , 9.57 (IH, s) 
ESI-MASS: m/z=420 (M+Na) 
Preparation 36 

A solution of 5-amino-l- (2-triphenylmLethyloxyethyl) -IH- 
pyra2ble-4-carbaldehyde (15 g) and ammonium acetate (4.07 g) in 
nitromethane (300 ml) was refluxed for 6.5 hours. The reaction 
mixture was evaporated under reduced pressure and extracted with 
dichloromethane . The extract was dried over anhydrous magnesium 
sulfate, filtered, and evaporated in vacuo to give 5--amino-4- [ (E) - 
2-nitroethenyi ] -1- (2-triphenylmethyloxyethyl) -IH-pyrazole (4.46 g) 
^H-NMR(EMS0rd6) 5 3.15 (2H, t, J=4.9H2) , 4.16 (2H, t,- J=4.9Hz), 
6.96 (2H, s), 7.1-7,3 (15H, m) , 7.75 (IH, d, J=12.9H2), 7.83 (IH, 
s), 8.27 (IH, d, J=12.9Hz) 

IR(KBr): 3421.1, 1660.4, 1600.6, 1546.6, 1319.1, 1294.0, 1265.1, 
1216,9, 746.3, 703^9 cm~^ 
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ESI-MASS: m/z=463(M+Na). 
Preparation 37 

To a suspension of lithium alundnimi hydride (3.22 g) in 
tetrahydrofiiran (100 ml) was added 5-amino-4- [ (E) -2-nitroethenyl] - 
l-(2-triphenylmethyloxyethyl)-lH-pyrazole (4.4 g) under ice- 
cooling. The mixture was refluxed for 5 hours. After cooling on 
an ice bath, sodium fluoride (14.3 g) and water (6.12 ml) were 
. added to the reaction mixture. The insoluble materials were 
removed by filtration. The filtrate was concentrated in vacuo to 
give 5-amino-4- (2-aminoethyl) -1- (2-triphenylmethyloxyethyl) -IH- 
pyrazble (3.63 g) . This product was used in the next step without 
further purification. 
. Preparation 38 

To a solution of 5-amino-4- {2-aminoethyl) -1- (2- 
triphenylmethyloxyethyl ) -IH-pyrazole ( 3 . 6 g) in tetrahydrof uran 
(36 lal) was added di-tert-butyl dicarbonate (2.02 g) . The mixture 
was stirred at room temperature for 19 hours and evaporated in 
vacuo. The residue was purified by colvrain chromatography on silica 
gel.eluting with ethyl acetate/hexane (2:3). The eluate was 
concentrated in vacuo to give 5-amino-4- (2-rtert- 
butQxycarbonylaminoethyl) -1- (2-triphenylmethyloxyethyl) -IH- 
pyrazole (1.79 g) . 

^H-NMR(I]MS0-d6) 5 1.36 (9H, s), 2.38 (2H, t, J=7.1Hz), 3.02 (2H, td, 
J=7.1H2), 3.13 (2H, t, J=5.4H2), 4,09 (2H, t, J=5.4H2), 4.94 (2H, 
s), 6.74 (IH,. t, J=7.1Hz), 7.00 (IH, s) , 7.2-7.4 (15H/ m) 
ESI-M2\SS: m/z=535 (M+Na) 
Example 13 

. To a solution of 5-amino-4-r (2-tert'- 
butoxycarbonylaminoethyl) -1- {2-triph^ylmethyldxyethyl) -IH- 
pyrazole (1.24 g) in dichlorontethane (5 ml) were added 
trimethylsilyl iodide (0: 688 ml) and diisopropylethylamine (0.842 
ml) under ice-cooling, aind the mixture was stirred vinder ice- 
cooling for 2 hours. To -the reaction niixture was added a laixture • 
of benzhydryl 7p-[ {Z)-2-(5-tert-butoxycarbonylaIaino-^,2,4- 
thiadiazol-3-yl) -2- (1-tert-butoxycarbonyl-i- 

methylethoxyimino) acetamido] -3-chloromethyl-3-cephem-4-carboxylate 
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(1 g) and sodium iodide (182 mg) in N,N-dimethylformamide {2 ml) 
which had been stirred under ice-cooling for 30 minutes and at 
room tenqperature for 18 hours. The reaction mixture was added to a 
mixture of ethyl acetate and water. The organic layer was 
separated and dried over magnesium sulfate. The magnesium sulfate 
was filtered off^ and the filtrate was evaporated to about 20 ml 
under reduced pressure. The concentrate was poured into 
diisopropyl ether (150 ml)/ and the resulting precipitate was 
cpllected by filtration and dried in vacuo. To a solution of the 
resulting solid in methylene chloride (3 ml) were added anisole (1 
ml) and trifluoroacetic acid (2 ml) . The resulting solution was 
stirred at room temperature for 3 hoxirs and poured into 
diisopropyl ether. The resulting precipitate was collected by • 
filtration and dried in vacuo. The obtained powder was dissolved 
in a phosphate buffer (pH 7) and adjusted to about pH 6 with 
saturated aqueous sodium hydrogencarbonate solution. The solution 
containing the objective compound was purified by preparative HPLC 
utilizing ODS column. The eluate containing a desired product was 
concentrated in vacuo. The concentrate was adjusted to about pH 2 
with concentrated hydrochloric a:cid and chromatographed on Diaion® 
HP-20 (Mitsubishi Chemical Corporation) eluting with 20% aqueous 
2-propanpl. The eluate was evaporated in ivacuo and lyophilized to 
give 70- [ (Z) -2- (5-amino-l, 2, 4~thiadiazol-3-yl) -2- (1-carboxy-l- 
methyleQiQxyiminb) acetamido] -3- [ 3^amino-4- (2-^aminoethyl ) -^2- ( 2- 
hydroxyetlxyl)-l-pyrpizoliol methyl- 3-cephem-4"-carboxylate (66.4 mg) 
as an amorphous solid. 

^H-NMR(D20) 5 1.53 ( 6H, s), 2.82 {2H, t, J=7.4Hz)^ 3.15 (IH; d, 
Cr=17.5Hz), 3.22 (2H, t, J=7.4Hz), 3.49 (IH, d, J=17.5Hz), 3.87 (2H, 
t, J=4.7H2), 4.37 (2H, t^ J=4.7Hz), 4.99 (IH, d ^J=15.2Hz)^ 5.10 
(IH, d, J^l:5.2Hz)/ 5.26 (IH, d, J=4.8Hz), 5.84 (IH, d> J=4.8Hz),/ 
7.88 (IH, s) 

IR(KBr) : 3336.2, 1770.3, 1648.8, 1596.8, 1400.1 cm"^ 
ESI-MASS: m/ 2=637 (M-H) 
Preparation 39 

To a suspension of sodium hydride (60% dispersion in mineral 
oil, 3.46 g) in tetrahydrofuran (250 ml) W9is added dropwise 
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diethyl (cyanamethyl)phosphonate (23.3 ml) under ice-cooling. The 
ndxture was stirred under ice-cooling for 1 hour. To the reaction 
mixture was added a solution of 1- (2-triphenylmethyloxyethyl) -5- 
aiainopyrazole-4-carbaldehyde (47.76 g) in tetrahydrofuran (250 ml) 
at room temperature. The mixture was stirred at room teii5>erature 
for 5 hours and extracted with ethyl acetate. The extract was 
washed with aqueous sodium hydrogencarbonate solution, water and 
brine. The extract was dried over anhydrous magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was triturated 
with diisopropyl ether and dried in vacuo to give 4^ [(E) -2- 
cyanoethenyl]-l-I2-(trityloxy)ethyl]-5-aminopyrazole (59.38 g) . 
^H-NMR(EMS0-d6) 6 3.13 (2H, t, J=4 . 9Hz) , . 4 . 15 (2H, t, J=4.9Hz)v 
5.59 (1H, d, J=16.3Hz) , 6.35 (2H, s), 7.0-7.4 (15H, m) , 7.47 (IH, 
d, J=16.3Hz), 7.63 (IH, s) . , .. . 

ESI-MASS: m/z=443(M+Na) 
Preparation 40 

To a suspension of lithium altmiinum hydride (5.41 g) in 
tetrahydrofuran (200 ml) was added a solution of 4- [-(E) -2- 
cyanoethenyl] -1- [2- (trityloxy) ethyl] -5-raminopyrazoie (15= g) in 
tetrahydrofuran (100 ml) under ice-cooling. The mixtxire was 
refltjxed for 3v5 hours. After cooling on an ice bath, sodixHu 
fluoride (24 g) and water (10.3 ml) were addfed to the reaction 
mixture. The insoltible materials were ronoved by filtration. The 
filtrate was concentrated in vacuo to give 4- (S-amindpropyl) -1- (2- 
triphenylmethyloxyethyl ) ^5-aminopyrazole (13 . 7 g) . This product 
was used in the next step without further purification. • 
Preparation 41 

To a solution of 4- (3-aittinopropyl)-l- (2- 
triphenylmethyloxyethyl)-5-aminopyrazole (13.7 g) iii 
tetrahydrofuran (140 ml) was added di-tert-butyl dickrbonate (7.72 
g) . The mixture was stirred at room tenpersitxire for 18 hours and 
evaporated in vacuo. The residue was purified by column 
chromatography on silica gel eluting with ethyl acetate/hexane 
(2:3). The eluate was concentrated in vacuo to give 4-(3-tert- 
butoxycarbonylaminopropyl) -1- (2-triphenylmethyloxyethyl) -5-tert- 
butoxycarbonylaminopyrazole (2.45 g). 
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^H-NMR(raiS0-d6) 5-1.37 (18H, s), 1.56 {2H, tt, J=6.9Hz), 2.22 (2H, 
J=6.9Hz), 2.89 (2H, td, J=6.9Hz), 3.22 (2H, t, J=6.3Hz) , :4.05 
(2H, t, J=6.3Hz), 6.79 (IH, t, J=6.9Hz), 7.1-7.4 (16H, la) , 8.75 
(IH, s) 

ESI-MFVSS: ia/z=649 (M+Na) 
Exaitqple 14 

To a suspension of a mixture benzhydryl 7p- [ (Z)-2-(5-^tert- 
butoxycarbonylamino-l, 2, 4-thiadiazol-3-yl) -2- (1-tert- 
butoxycarbonyl-I-methylethoxyimino) acetamido] -3-chloromethyl-3- 
cephem-4-carboxylate (1 g) and sodium iodide (182 mg) in N,N- 
dimethylformamide (2 ml) was added 4-(3-tert- : 

butoxycarbonylaminopropyl) -1- {2-triphenylmethyl6xyethyl) -5-tert- 
butoxycarboriylaminopyrazole (1.52 g) ^ and the mixture was stirred 
at room temperature for 24 hours. The reaction mixture was added 
to a mixture of ethyl acetate, and water. The organic layer was 
.separated and dried over magnesium sulfate. The magnesiimi sulfate 
was filtered off, and the filtrate was evaporated to about 20 ml . 
under reduced pressure. The concentrate was poured into 
diisopropyl ether (150 ml) , and the resulting precipitate was 
collected by filtration and dried in vacuo* To a solution of the 
resulting solid in methylene chloride (3ml) were added anisole (1 
ml) and trifluoroacetic acid (2 ml). The resulting solution was 
stirred at room temperature for 3 hours and poured into 
diisopropyl ether. The resulting precipitate was collected by 
filtration and dried in vacuo . The obtained powder was dissolved 
in a phosphatte buffer (pH 7) aiid adjusted to about pH 6 with 
saturated aqueous sodiuim hydrogencarbonate solution . The solution 
containing the objective compound was purified by preparative HPLC 
utilizing ODS. column. The eluate containing. a desired product was 
conc^itrated in vacuo. The concentrate was adjusted to about pH 2 
with concentrated hydrochloric acid and chrcMnatographed on Diaion® 
HP-20 (Mitsubishi Chemical Corporation) eluting with 20% aqueous 
2-propanol. The eluate was evaporated in vacuo ahd .lyophilized to 
give 7P- [ (Z) -2- (5-amino-l, 2, 4-thiadiazol^3-yl) -2- (l^carboxy-1- 
methylethoxyimino) acetamido] -3~ [3~amino-4-' (3-aminbpropyl) -2- (2- 
hydroxyethyl) -1-pyrazolio] methyl- 3-cephem-.4"-carboxylate (61 mg) as 
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an amorphous solid. 

^H-NMR(P20) 5 1.53 {6H, s), 1.94 (2H, quint., J=7.8Hz), 2.50 (2H, t, 
J=7.8Hz), 3.03 (2H, t, J=7.8Hz), 3.10 (IH, J=17.7Hz), 3.42 (IH, 
d, J=17.7Hz), 3.85 (2H, J=4.8Hz), 4.34 (2H, t, J=4.8Hz), 4.96 
(IH/d/ J=14.4Hz), 5.10 (IH, d, J=14.4H2), 5.25 (IH, d, J=4.8Hz), 
5.84 (IH, d, J=4.8Hz), 7.83 (IH, s) 

IR(ICBr): 3349.7, 1770.3, 1648.8, 1596.8, 1402.0, 1157.1 cm"^ 
ESI-MASS: m/z=653 (M+H) 
Preparation .42 

To a solution of. 5-aminopyrazole-4-carbonitrile (102 g) and 
triethylamine (316 ml) in 1,4-dioxane (2000 ml) was added 1,3- 
dibromopropane (115 ml) , and the mixture was stirred at gS^'C for 5 
days. The insoluble materials were removed by filtration, and the 
filtrate was concentrated in vacuo. To the residue was added 10% 
aqueous citric acid solution, and the mixture was extracted with 
chloroform. The extract was dried over anhydrous magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was triturated 
with 2-propanol . and dried in vacuo to give 4,5,6, 7^ 

tetrahydropyrazolo[l,5--a]pyriinidine--3-carbonitrile (8.0 g) as a 
solid. : V 

^^H-]SIMR(DMSO-d6) 6 1.96-2.00 (2H, m) , 3.21-3.23 (2H> m), 3.97 (2H, t, 
J=6.0H2), 7.35 (IH, br)^ 7.54 (IH, s) 
Preparation 43 , 

To a solution of 4, 5> 6, 7-tetrahydropyrazolo [1, 5- 
a] pyi:imidine-^3-Garbonitrile (6.9 g) in pyridine (70 ml) was added 
triphenylmethyl chloride (15.6 g), and the mixture was stirred at 
65 ^'C for 4 hours. After evaporation of the solvent in vacuo, the 
residue was dissolved in chloroform, and the solution was washed 
with 10% aqueous citric acid solution. The organic layer was 
separated, and the aqueous layer was extracted with chloroform. 
The organic layers were combined, dried over anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo. The residue was 
triturated with diisopropyl ether and dried in vacuo to give 4- 
triphenylmethyl-4, 5, 6, 7-tetrahydrppyrazolo [1, 5-a]pyrijaidine-3- 
Q carbonitrile (16.2 g) as a solid. 

^H-NMR(CDCl3) 5 2.15-2.19 (2H^ m) , 3.40-3.43 (2H, m) , 4.09 (2H, t, 
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J==6.0H2), 7.16-7.46 {16H, m) . 
Preparation 44 

To a suspension of lithium aluminxjm hydride (2.7 g) in 
tetrahydrofuran (150 ml) was added 4-triphenylmethyl--4^5, 6>7- 
tetrahydropyrazolo[^, 5-a]pyrimidine-3-carbonitrile (8.5 g) under 
ice-cooling. The mixture was stirred at 65**C for 16 hours. After 
cooling on an ice bath, potassium fluoride (16.5 g) and water (5 
ml) were added to the reaction mixture. The insoluble materials 
were removed by filtration. The filtrate was concentrated in vacuo 
to give l-(4-triphenylmethyl-4,5, 6,7-tetrahydropyrazolo[1^5-^ 
a]pyrimidin-3-yl)methylaiaine (8.4 g) as a solid. 

^H-NMR(CDCl3) 6 2.19--2.24 (2H; m), 3.39 (2H, t, J=5.5Hz), 3.74 (2H, 
s) , 4.17 (2R, t, J=6.0Hz)/ 7.22 (IH, s) , 7.34-7.42 (15H, m) 
Preparation 45 

A suspension of 1- (4-triphenylmethyl-4, 5/6, 7- 

„ tetrahydropyrazolo[l,5--a]pyrimidin-3~yl)methylainine (8.4 g) in 
ethyl formate (30 ml) was stirred at SO^'C for 16 hours. After 
evaporation of the solvent in vacuo, the residue was triturated 

.. with ethyl acetate and dried in vacuo to give N-[ (4,5, 6,7- 
tetrahYdropyrazolo [1, 5-a]pyrimidin--3-yl)methyl] formamide (3.0 g) 
as a solid. 

^^H-NiyiRXIMSO-de) 6.1.94-1.98 (2H, m) , 3.16-3.18 (2H, m) , 3. 92-3. 94 
(4H, m), 5,61 (IH, br), 7.00 (IH, s) , 7.98 (IH^ s), 8.45 (IH, br) 
Preparation 4 6 . . . ^ 

A solution of silylated N- [ (4, 5, 6,7-tetrahydropyrazoio[l,5- 
a]pyrimidin-3-yl)methyl] formamide in methylene chloride was 
prepared by stirring a mixture of N-[(4>5, 6, 7- 

tetrahydropyrazolo [ 1 , 5-a] pyrimidin-3-yl) methyl ] f ormamide ( 1 . 05 g) , 
trimethylsilyl iodide (0.83 ml) and diisopropylethylamine (1.02 
ml) in methylene chloride (10 ml) at room tenqperature for 2.5 
hours. To a solution of benzhydryl 7p-tert-butoxycarbonylaInino^3- 
chloromethyl-3-cephem-4-carboxylate (1.0 g) in N,N- 
dimethylfoim^nide (1 ml) was added sodium iodide (291 mg) , and the 
mixture was stirred at room tenperature for 30 minutes. To the 
resulting solution was added the solution of silylated N- 
[ (4, 5, 6,7-tetrahydropyrazplo [1, 5-a] pyriiaidin-3-yl) methyl] formamide 
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prepared above, and the reaction mixture was stirred at room 
temperature for 3.5 hours. The reaction mixture was poured into a 
mixture of ethyl acetate and 2 mol/1 aqueous potassium 
hydrogensulf ate solution. The aqueous layer was separated, and the 
organic layer was washed with brine, dried over sodium sulfate and 
filtered. The filtrate was concentrated to about 20 ml in vacuo. 
The concentrate was poured into diisopropyi ether (300 lal) , and 
the resulting precipitate was collected by filtration and dried in 
vacuo. To a suspension of the resulting solid in methylene 
chloride (3.0 ml) were added anisole (1.0 ml)- and trifluoroacetic 
acid (2.0 ml) under ice-cooling. The resulting solution was 
stirred at room temperature for 3 hours and poured into 
diisopropyi ether (300ml). The resulting precipitate was 
collected by filtration and dried in vacuo to give crude 7p-amino- 
3- [3- (formamidomethyl) -4, 5y 6, 7-tetrahydro-l-pyrazolo [1, 5- 
a] pyrimidinio]methyl-3-cephem-4-carboxylate bis trifluoroacetic 
acid salt (810 mg). This product was used in the next step without 
further pur if ication> 
Exaiig>le IS 

To a solution of crude 7p-amino-3- [3- {formamidomethyl) - 
4, 5, 6, 7-tetrahydro-l-pyrazolo [1, 5-a]pyrlmidinio]methyl-3^cephem-4- 
carboxylate bistrifluoroacetic acid salt (800 mg) in a mixed 
solvent of N,N-dimethylformamide (16 ml) and tetrahydrofuran (16 
ml) was added N-trimethylsilylacetamide (2.94 g) at room 
ten?>erature. The mixture was stirred at room ten5)erature for 15 
minutes. To the reaction mixture was added (Z) -2-(5-amino-l,2, 4- 
thiadiazol-3-yl) -2- (1-tert-butoxycarbonyl-l- 
methylethoxyimino) aicetyl chloride hydrochloride salt (420 mg) 
under ice-cooling. The mixture was stirred under ice-rcooling for 2 
hours. The reaction mixture was poured into ethyl acetate (250 ml), 
and the mixture was stirred for 30 minutes. The resxilting 
precipitate was collected by filtration, washed with successively 
ethyl acetate and diisopropyi ether, and dried in vacuo to give a 
solid (610 mg) . 

To a suspension of the resulting solid in methylene chloride 
(1.8 ml) were added anisole (0.6 ml) and trifluoroacetic acid (1.2 
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ml) under ice-cooling. The resulting solution was stirred at room 
temperature for 3 hours and poured into diisopropyl ether (150 ml) 
The resulting precipitate was collected by filtration and dried in 
vacuo to give a crude product, which was purified by preparative 
HPLC utilizing ODS colimm. The eluate containing a desired product 
was concentrated to about 30 ml in vacuo. The concentrate was 
adjusted to about pH 3 with concentrated hydrochloric acid and 
chroma tographed on Diaion® HP-20 (Mitsubishi Chemical Corporation) 
eluting with 30% aqueous 2-propanol. The eluate was concentrated 
to about 30 ml in vacuo and lyophilized to give 7p- [ (Z) -2- (5•^amino- 
l, 2, 4-thiadiazol-3-yl) --2- (l-carboxy-l- 

methylethoxyimino) acetamido]-3- [3- (f ormamidomethyl) -4, 5, 6, 7- 
tetrahydro-l-pyrazolq [1, 5-a]pyrimidinioImethyl-3-cephem-4-- 
carboxylate (130 mg) as an amorphous solid. 
^H~NMR(D20) 5 1,60 (3H, s), 1.60 (3H, s), 2.05-2.25 (2H, m) , 3.18 
and 3.35 (2H, -RBq> J=17 . 5Hz) , 3.3-3.5 {2H, m) , 4.0-4.25 (2H, m) , 
4.19 (2H, s), 4.91 and 5.21 (2H, ABq, J==16 . OHz) , 5.23 (IH, d, 
J=4.5Hz)/ 5.87 (IH, d^ J=4.5Hz), 7.83 (IH, s) , 8.11 (IH, ,s) 
; Example 16 

A solution of 7p- [ (Z) -2- (5-amino-l,.2, 4-thiadiazol-3-yl) -2- 
~(:l-carboxy^l-methylethoxyimino)acetai^ (formamidordethyl) - 

4/5,6, 7-tetrahydro-lT-pyrazolo [ 1 , 5-a] pyrimldinio ] methyl-3-cephem>r4- 
carboxylate (130 mg) in 10% aqueous hydrochloric acid (4^36 ml) 
was stirred at room ternperature for 6 hours . The rea;ction mixture 
was purified by preparative HPLC utilizing ODS coluinn. The eluate 
containing a desired product was. concentrated to about 30 ml in 
vacuo. The concentrate was adjusted to about pH 3 with 
concentrated hydrochloric acid and chromatographed on Diaion® HEP- 
20 (Mitsubishi Chemical Gorporatldn) eluting with 30% aqueous 2- 
propanol > The eluate was concentrated to about 30 ml in vacuo and . 

lyophilized to give 7p-[(Z)-2-(5-amino-rI,2,4-thiadiazol-3-yl)-2-(l- 
: • ^ carboxy-l-methylethoxyimino) acetamido] -3- ( 3-aminomethyl-4 , 5, S, 7- 
tetrahydro-l-pyrazolo [1, 5-a] pyrimidiiiio)methyl-3-cephCTa-4-^ 
\ carboxylate (48 mg) as an amorphous solid. 

^H-NMR(D20) 5 1.54 (3H, s) , 1.55 (3H, s) , 2.05-r2.3 (2H, m) , 3.23 
and 3.48 (2H, ABq> J=17 . 8Hz) ^ 3.35-3.5 (2H/ m> / 4.03 (2H, s) , 4.1- 
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4.2 (2H, m), 4.88 and 5.19 (2H, ABq, J=15.5Hz), 5.25 (IH, d, 
J=4..8Hz), 5.87 (IH, d, J=4.8Hz), 7.98 (IH, s) 
Preparation 47 ; 

To N/N-dimethylformamide (307 ml) was added dropwise 
phosphorus oxychloride (123 ml) under ice-cooling. To the mixture 
was added a solution of 4, 5, 6, 7-tetrahydropyrazolo [1, 5- 
a]pyrimidine-4-carbaldehYde (100 g) in N,N-dimethylformamide (200 
ml) under ice-^cooling. The reaction mixture was stirred at 80°C 
for 2 hours.. After cooling, water was added to the reaction 
mixture, and the mixture was neutralized with sodium carbonate . 
The mixture was extracted with <dilorof oim. The organic layer was 
dried over anhydrous magnesium sulfate, filtered, and concentrated 
in vacuo. The residue was triturated with hexane and dried in 
vacuo to give 4, 5, 6, 7-tetrahydropyrazolo[l, 5-a]pyrimidine-3- 
carbaldehyde (65 g) as a solid. 

^H-MiR(CDCl3) 6 2.16-2.21 (2H, m), 3.43-3.45 (2H, m), 4. 07-4. 09^ (2H, 
m), 6.30 (IH, br), 7.57 (IH, s), 9.56 (IH, s) 

Preparation 48 

To a suspension of sodium hydride (60% dispersion in iaineral 
oil, 14.4 g) in tetrahydrofuran (300 ml) was added dropwise 
triethyl phosphonoacetate (81.0 g) lander ice-cooling. The mixture 
was stirred under ice-cooling for 1 hour. To thfe reaction mixture 
was added 4,5, 6,7-tetrahydropyi^azolotl/5-a]pyrimidine-3- 
carbaldehyde (45.5 g), and the mixture was stirred at room 
ten?jerature for 17 hours. Af tier evaporation of the solvent in 
vacuo, the residue was dissolved in chloroform, and the solution 
was washed with water. The organic layer was dried oyer anhydrous 
magnesium sulfate^ filtered, and concentrated in vacuo. The 
residue was triturated with diethyl ether and dried in vacuo to 
give ethyl 3-(4,5>6,7-tetrahydropyrazolo[l,5-a]pyrimidin-3- 
yDacrylate (49.2 g) as a solids ' 

^ ^H-NMR(CDCl3) 5 1.30 (3H, t, J=7.3Hz), 2.15-2.19 (2H> m), 3.41-3.43 
(2H, m), 4.08-4.12 (2H, m) , 4.21 (2H, q, J^7.3Hz), 4.47 (IH, br) , 
5.78 (IH, d, J=16.0Hz), 7.44 (IH, s) , 7.47 (IH, d, J=16.0Hz) 
Preparation 49 

A solution of ethyl 3-(4,5,6,7-tetrahydropyrazolo[l,5- 
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a]pyrimidin-3-yl)acrylate (45 g) in a ndxtiire of ethanol (800 ml) 
and tetrahydrofuran (400 ml) was treated with 10% palladium carbon 
(2.2 g) under a hydrogen atmosphere at room temperature for 22 
hours. After the catalyst was filtered off, the filtrate was 
concentrated in vacuo to give ethyl 3--(4,5,6, 7- 
tetrahydropyrazolotl,5-a]pyriicd.din--3-yl) propionate (50 g) as an 
oil. 

^H-NMR(CDCl3) 6 1.23 (3H, t, J=7.-0H2), 2.08-2.13 (2H, m) , 2.49-2.57 
.(4H/m), 3.28-3.31 (2H,m), 4.07-4.12 (4H, m) , 4.45 (IH, br) , 7.11 
(IH, s) 

preparation 50 

A mixture of: ethyl 3-(4,5>6,7-tetrahydropyra2olo[l,5- 
a]pyrimidin-3-yl) propionate (20 g) and 1 mol/1 aqueous sodium 
hydroxide solution (100 ml) was stirred at room temperature for 16 
hours. The reaction mixture was neutralized with concentrated 
hydrochloric acid, and the mixture was concentrated in vacuo. The 
residue was dissolved in methanol, and the insoluble sodiuia 
chloride was removed by filtration. The filtrate was concentrated 
in vacuo to give crude 3- (4, 5, 6, 7-tetrahydropyrazolo [1, 5- 
- a] pyrimidin-3-yl) propionic acid as an oil ^ This product wsts used 
: in the next step without further purification. ■ 
To formic acid (50 ml) was added acetic anhydride (60 ml) , 
and the mixture was stirred at 40 for 2 hours. The resulting 
mixture was added to the above oily product [3- (4, 5, 6^ 7- 
tetrahydropyrazolo[l>5-a]pyrimidin-3-yl) propionic acid] and the 
mixture was stirred at room temperature for 15 hours . After 
evaporation of the solvent in vacuo ^ to the residue was added 
water. The mixture was neutralized with saturated aqueous sodium 
hydrogencarbonate solution/ and concentrated in vacuo. .The riesidue 
wa;s dissolved in methanol; and the insoluble materials were - 
rennoyed by filtration. The filtrate was concentrated in vacuo to 
give 3- (4-f ormyl-4, 5, 6, 7-tetrahydropyrazolo [1, 5-a]pyrimidin-3- 
yl) propionic acid (23 g) as an oil. 

^H-NMR(CDCl3) 5 2.02-2.07 (2H, &) / 2.49-2.52 (2H, m), 2.62-2.67 (2K, 
m), 3.75-3.78 (2H, m) , 4.08-^4.12 (2H/ m) , 7.30 (IH, s) / 8.61 (IH, , 
s) 
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Preparation 51 

To a mixture of 3- (4-formyl-4, 5, 6, 7-tetrahydropyrazolo [1, 5- 
a]pyrinu.din-3-ryl) propionic acid (18.0 g) , triethylamine (9.8 g) 
and tetrahyrofuran (300 lal) was added dropwise ethyl chloroformate 
(9.6 g) iinder ice-cooling. The mixture was stirred under ice- 
cooling for 30 minutes. To the reaction mixture was added a 
solution of soditam azide (6.68 g) in water (100 ml) , and the 
mixture was stirred at room temperature for 30 minutes. To the 
reaction mixtiure was added methylene chloride, and the aqueous, 
layer was separated. The organic layer was washed with water, 
dried over anhydrous magnesium sulfate, filtered, and concentrated 
in vacuo. To the oily residue was added methanol (100 ml), and the 
mixture was stirred under reflux for 1.5 hours. The reaction 
mixture was concentrated in vacuo to give crude methyl N-[2-(4- 
formyl-4, 5, 6, 7-tetrahydropyrazolo [1, S-alpyrimidin-S- 
yDethyllcarbamate as an oil. This product was used in the next 
step without further purification. 

A mixture of the crude product [methyl N- [2- {4-formyl- 
4, 5, 6, 7-tetrahydropyrazolo [1, 5-a] pyrimidin-3-yl) ethyl] carbamate] 
arid concentrated hydrochloric acid (60 ml), was stirred under 
reflux for 16 hours. To the reaction mixtvure was added water, and, 
the mixture was adjusted to pH 5 with aqueous sodium hydroxide 
solution. The solution was washed with methylene chloride, and the 
aqueous layer was adjusted to pH S^with saturated aqueoiis sodium 
hydrogencarbonate solution. To the solution was added di-tert- 
butyl dicarbonate (10.0 g) > and the mixture was stirred at room 
temperature for 1 hour. The reaction mixture was extracted with 
methylene chloride. The organic layer was dried over anhydrous 
magnesium sulfate, filtered, and concentrated ih vacuo. To the 
oily residue were added inethanol (50 ml) and 4 mbl/1 hydrogen 
chloride solution in dioxane (50 ml) , and the mixture was stirred 
under refliix for 30 minutes . After evaporation of the solvent in 
vacuo, the residue was triturated witJi 2-rpropanol and dried in 
vacuo to give 2- (4, 5, 6,7-tetrahydropyrazolo[l, S-ajpyrimidin-S- 
yl ) ethylamine dihydrochloride (5.5 g) as a solid. 
^H-NMR(EMS0-d6) 5 2.03-2.05 (2H, m) , 2.70-2.73 (2H, m) , 2.93-2.97 
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(2H, m) , 3.27-3.30 (2H, m) , 4.11-4.14 (2H, m) , 7.89 (IH, s) 
Preparation 52 

To a solution of 2- (4, 5, 6, 7-tetrahydropyrazolo [1, 5- 
a]pyriiaidin-3-yl)ethylaitiine dihydrochlpride (2.36 g) and ethyl 
fonaate (40 g) in methanol (20 lal) was added 28% sodiiam methoxide 
solution in methanol (4.0 g) , and the mixture was stirred under 
reflux for 16 hours. The insoluble materials were filtered of f 
using Celite^ and the filtrate was concentrated in vacuo. The 
residue was triturated with acetonitrile and dried in vacuo to 
. give N- [2- (4, 5/6, 7-tetrahydropyrazolo [1, 5-a]pyrimidin-3- 
yl) ethyl] formamide (1.2 g) as a solid. 

^H-JlMR(EMS0-d6) 5 1.92-1.97 (2H/ m) , 2.32-2.50 (2H, m)/ 3.10-3.17 
{4H, m), 3.91-3.93 (2H, m) , 5.69 (IH, br) , 6.95 (IH, s) , 7.98 (IH, 

■s) 

Preparation 53 

7p-Amino-3- [3- (2-formamidoethyl) - (4, 5^ 6, 7-tetrahydrp-l- 
pyrazolo [1/ 5-a]pyrimidinio]methyl-3-cephem-4-Garboxylate 
bistrif luoroacetic acid salt 

The title con^xDund was obtained from benzhydryl 7P-tert-- 
butoxycarbonylamino-3-chloromethyl-3-cephem-4-carboxylate and N- 
[2^ (4, 5, 6, 7-tetrahydropyrazolo [1, 5-a]pyrimidin-3- 
yl) ethyl] formamide in the same manner as in Preparation 46. 
Exait¥)le 17 

7p- [ (Z) -2- (5-i\mino-l, 2, 4-thiadiazol-3-yl) -2-d-carboxy-l- 
methyletlioxyimino) acetamido] -3- [3- (2-fonnamidoethyl) -4, 5, 6, 7- 
tetrahydro-l-pyrazolo [1, 5-a] pyrimidinio]methyl-3-cephem-4- 
cartxDxylate 

The title conpound was obtained from 7p-amino-3-[3- (2- ; 
formamidoethyl) - (4, 5, 6, 7-tetrahydro-l-pyrazolo [1, 5- 
a]pyriiaidinio3methyl-3-cephem-4-carboxylate bistrif luoroacetic 
acid salt in the same manner as in Example 15. 

^H-NMR(D20) 5 1.56 ( 3H, s) , 1.57 {3H, s) , 2.0-2.25 (2H, m) , 2-59 
(2H, t^ .J=6.5H2), 3.15 and 3.31 (2H, ABq, J=17.8H2), 3.3-3.5 (4H/ 
m), 4.0-4.2 (2H, m) , 4.88 and 5.18 (2H, ABq, J=16.0Hz), 5.23 (IH/ 
d, J=4.5Hz), 5.86 (1H> d, J=4.5Hz), 7.71 (IH, s)/8*02 (IH, s) 
Example 18 
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7P- [ (Z) -2- (5-Aminb-l, 2, 4-thicidia2ol-3-yl) -2- (1-carboxy-l- 
methylethoxyiioiiio) acetamido] -3-13- (2 -amino ethyl) -4, 5, 6, 7- 

tetrahydro-l-pyrazolo [1, 5-a]pyrimidinio]methyl-3-cephem-4- 
carboxylate 

The title conqpotrnd was obtained, from 7p- [ (Z) -2- (5-aiaino- 
1, 2, 4-thiadiazol-3-yl) -2- (1-carboxy-l- 

methylethpxyiiuino) acetaiaido] -3- [3- {2-f ormaitiidoethyl) -4, 5, 6, 7- 

tetrahydro-l-pyrazolo [1, 5^a]pyriiniclinio]iaethyl-3-cephem-4-' 
carboxylate in the same manner as in Exair¥>le 16. 

^H-NMR(D.O) 6 1.54 (3H, s), 1 . 55 . (3H, s) , 2 . 05-2 ■ 25 {2H, m)/2.76 
(2H, t, J=7.5HE), 3.18 (2H, t, J=7.5H2n 3.22 and 3.47 (3H, HBq, 
J=18.0Hz), 3.25-3.5 (2H, m) , 4.05-4.2 (2H, m) / 4 . 87 and 5. 12 (2H, 
ABq, J=15.5Hz), 5.25 (IH, d, J=4 . 8Hz) , 5 .85 (IH,- d, J=4.8H2), 7.76 
(IH, s) 

Preparation 54 

A solution of ethyl 3-(4,5, 6,7-tetrahydropyrazolo [l,5- 
a]pyrimidin-3-yl)propionate (30 g) in saturated methanolic ammonia 
solution (700 ml) was stirred at 110»C for 5 days in an autoclkve. 
After evaporation of the solvent in vacuo, methylene chloride was 
added to the residue. The resulting solid, was collected by 
filtration and dissolved in methanol. To. the solution was added 
activated charcoal, and the mixture was -filtered. The filtrate was 
concentrated in vacuo. The residue was triturated with 
.acetonitrile and dried in vacuo to give 3- (4, 5,6, 7- 

tetrahydropyrazolo[l,5-a]pyrimidin-3-yl)propionamide (11.3 g) as a 
solid. 

^H-NMRdMSO-de) 5 1.92-1.96 (2H, m) , 2.18-2.21 (2H, m) , 2.38-2.41 
(2H, m), 3.12-3.14. (2H, m) , 3.90-3.92 (2H,. m), 5.69 (IH, br) , 6.73 
(IH, br), 6.91 (IH, s) 

Preparation 55 

To a suspension of lithiim aluminum hydride (7.6 g) in 
tetrahydrofuran (300 ml) was added. 3^ (4, 5,6, 7- 

tetrahydropyrazolo[l,5-a]pyrimidin-3-yl)propionamide (10 g) at 
room temperature. The mixture was stirred under reflux for 2 days. 
After cooling on an ice bath, potassium fluoride (34 g) and water ' 
(10 ml) were added to the reaction mixture. The insoluble 
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materials were removed by filtration. To the filtrate were added 
10% aqueous sodium carbonate solution (100 ml) and di-tert-butyl 
dicarbonate (20.0 g) . The mixture was stirred at room teii¥)erature 
for 1 hour. After evaporation of the solvent in vacuo, the residue 
was dissolved in chloroform. The solution was washed with water, 
dried over anhydrous magnesium sulfate, filtered, and concentrated 
in vacuo. To the oily residue were added methanol (100 ml) and 4 
mol/1 hydrogen chloride solution in dioxane (50 ml) , and the 
mixture was stirred imder reflux for 30 minutes. The reaction 
mixture was concentrated in vacuo to give crude 3- (4, 5, 6, 7- 
tetrahydropyrazolo[l,5-a]pyrimidin-3-yl) propylamine (7.0 g) as an 
oil. This product was used in the next step without further 
purification. 

To a solution of the crude product [3-(4,5, 6,7- 
tetrahydropyrazolo [1, 5-a]pyrimidin-3-yl)propylamine] (7.0 g) in 
methanol (60 ml) was added 28% sodium methoxide solution in 
methanol (12 g) , followed by the addition of ethyl formate (120 g) . 
The mixture was stirred londer reflux for 20 hours. The mixture was 
filtered through Celite, and the filtrate was concentrated in 
vacuo. The oily residue was purified by column chromatography on 
silica gel eluting with chloroform/methanol to give N-[3- (4,5, 6^7- 
tetrahydropyrazolo [1, 5-a]pyrimidin-3-yl) propyl] formamide (3 . 1 g) 
as an oil. 

^H-NMR{CDCl3) 5 1.70-1.76 (2H, m), 2.10-2wl5 (2H, m) , 2.29-2.31 (2H, 
m), 3.29-3.33 (4H, m) , 4.09-4.12 (2H, m), 4.20 (IH, bj:), 5.82 (IH^ 
br), 7.11 (IH, s), 8.17 (IH, s) 
Preparation 56 

7p-iVmino-3- [3- (3-f ormamidopropyl) -(4,5, 6, 7-tetrahydro-l- 
pyra:zolo [ 1 , 5-a] pyrimidinio] methyl-3-cephem-4-carboxylate 
bistrifluoroacetic acid salt . 

The title compound was obtaihed from benzhydryl 7p-tert- 
butoxycarbonylamino-3-chloromethyl-3-cephem-4K^ and N- 

[3- (4, 5, 6f 7-tetrahydropyrazolo [1 , 5-a] pyrimidin-Srr 
yl ) propyl ] formamide in the same manner as in Preparation 46. 
Exagg^le 19 . 

7p- [ (Z) -2- (5-Amino-lr 2, 4-thiadia2ol-3-yl) -2- (1-cafboxy-l^ 
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methylethoxyimino) acetamido] -3- [3- (3-fonoamidppropyl) -4, 5, 6, 7- 
tetrahydro-l-pyrazplo [1> 5-a]pyrimidinio]niethyl-3-.cephem-4- 
carboxylate 

The title conpound was obtained frcan 73'-amino-3- [3- {3- 
fo^namidopropyl) - (4, 5, 6, V-tetrahydro-l-pyrazolo [1, 5- 
a]pyrimidinio]iaethyl-3-cephem-4-carboxylate bistrif Itioroacetic 
acid salt in the same manner as in Exanple 15. 
^H-NMR{D20) 6 1.60 (3H, s) , 1.61 (3H, s) , 1 v??"" (2H, quintet, 
J=7.0H2), 2.2^2.25 (2H, m), 2.38 (2H, t, J=7.0Hz), 3.13 and 3.33 
(2H, ABg, J=17.5H2>, 3.23 (2H, t, J=7.0Hz), 3.25-3.45 (2H, la), 
4.0-4.2 (2H, m), 4.87 and 5.19 (2H, ABq, J-16.0Hz), 5.23 (IH, d, 
J=5.0Hz) , 5.86 (IH, d,. J=5.0Hz), 7.68 (IH, s) , 8.04 (IH, s) 
Example 20 

vp- [ (Z) -^2- (5-Amino-l, 2, 4-thiadiazol-3-yl) -2- {1-carboxy-l- 
methylethoxyimino) acetamido] -3- [3- (3-aminopropyl) -4,5, 6, 7-. ■ 

tetrahydro-l-pyrazolo [1, 5-a] pyrimidinio.]methyl-3-cephem-4- 
carboxylate 

The title coKpound was obtained from 7p- [ (Z) -2- (5-amirio- 
l, 2, 4-thiadiazol-3-yl) -2- (1-carboxy-l- 

me thylethoxyimino ) acetamido ] -3.- [ 3- ( 3-f ormamidopropyl ) -4 , 5 , 6, 7- 
tetrahydro-l-pyrazolo [1, S^a] pyrimidinio] methyl- 3-cephem-4- 
carboxylate in the same manner as in Exan^jle 16. 
^H-NMR(D20) 5 1.53 (3H, s) , 1.54 (3H, s), 1.90 (2H, quintet, 
J=7.5Hz), 2.0-2.2 (2H, m) , 2.42 (2H, t, J=7:5H2) , 3.01 (2H, t, 
J=7.5Hz), 3.19 and 3.38 {2H, JVBq, J=18.0Hz), 3.25-3.45 (2H, m) , 
4.0-4.2 (2H, m), 4.84 and 5.13 (2H, ABq, J=15.5 Hz) , 5.23 (IH, d, 
J=4.8Hz), 5.85 (IH, d, J=4.8H2), 7,69 (IH, s) 
Prep jar ation 57 

To phosphoric trichloride (136 lal) was added N,N- 
dimethylfonnamide (339 ml) under ice-cooling, and the mixtiire was 
stirred under ice^cboling for 30 minutes. To the mixture was added 
a solution of 2, 3-dihydro-lH-imidazo [1, 2-b]pyraZoie-l-carbald^yde 
(100 g) in N,N-dimethylformamide (200 ml) , and the mixtute was 
stirred at 80°C for 1.5 hours. The reaction mixture Was carefully 
added to a mixture of ethyl acetate and water under ice-cooling, 
and the mixture was adjusted to pH 6, The organic layer was dried 
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over anhydrous niagnesi\jm sulfate, filtered, and concentrated in 
vacuo . The residue was triturated with diisopropyl ether and dried 
in vacuo to give 2, S-dihydro-lH-rimidazo [1, 2-b]pyrazole-l, 7- 
dicarbaldehyde (102 g) . 

^H-NMRdMSO-ds) 5 4.39 (4H, m) , 7.82 (IH, s) , 9.52 (IH, s) , 9.67 
(IH, s) 

IR(KBr): 1672, 1558.2, 1527.3, 844.7 cm.-^ 
Preparation 58 

A solution of 2,3-dihydrp-lH-iniidazo[l,2-b]pyrazole-l, 7- 
. dicarbaldehyde (1 g). and ammonium acetate (653 mg) in nitromethane 
(20 ml) was reflxjxed for 4 hours. The reaction mixture was 
evaporated under reduced pressure and extracted with 
dichloromethane . The extract was dried over anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo to give 7- [(E) -2- 
nitroethkiyl] -2, 3-dihydro-lH^imidazo [1, 2-b]pyrazole-l-carbaldehyde 
(1.00 g) . 

IR(KBr): 1689.3, 1608.3, 1517.7, 1483.0, 1328.7, 1311.4 aoT^ 
ESI-MASS: m/z=231 (M+Na) 
Preparation 59 

To a suspension of lithium aluminum hydride (465 mg) in 
tetrahydrofuran (10 ml) was added 7- [ (E)-2-nitroethenyl 1-2,3 - 
dihydro-lH-imidazo[l,2-b]pyrazole-l-carbaldehyde (300. mg) under 
ice-cpoling. The mixture was reflxaxed for 1.5 hours. After 
cooling on an ice bath, sodium fluoride .(2.06 g) and water (0.882 
ml) were added to the reaction mixt\u:e. The insoluble materials 
were removed by filtration. The filtrate was concentrated in vacuo 
to give 2-(2,3-dihydro-lH-imidazo[l,2-b]pyrazol-7-yl)ethylaiaine 
(165 mg) . This product was used in the next step without further 
purification. 
APC-MASS: m/z=153{M+H) 
Preparation 60 

A suspension of 2- (2,3-dihydro-lH-imidazo[l,2-b]pyrazol-7- 
yl ) ethylamine (155 mg) in ethyl formate (3. ml) was refluxed for 
4.5 hours. After evaporation of the solvent in vacuo> the residue 
was triturated with ethyl acetate and dried in vacuo to give 2- 
(2,3-dihydro-lH-imidazo[l,2-b]pyrazol-7-yl)ethylfonnamide (165 mg) 
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as a solid, 

'H-NMR(IMS0-d6) 6 2.36 (2H, J-7 .2Hz) , 3 . 18 (2H, td, J=7.2H2), 
3.7-3,9 (2H, m), 3.9-4.1 (2H, m), 5.48 (IH, s) , 7.05 (IH, s) , 7.9- 
8.1 (IH, m) 

IR(KBr): 1668.1, 1658.5, 1523.5 cm"^ 
APC-MASS: m/z=181(M+H) 
Preparation 61 

To a solution of 2- (2,3-dihydro-lH-i^lidazo[l,2-b3pyrazol-7- 
Yl) ethylformamide (1.67 g) in pyridine (15 ml) was added 
triphenylmethyl chloride (3.1 g) at room teitperature . The mixture 
was stirred at 60^*0 for 5.5 hours. The reaction mixture was 
evaporated under reduced pressure and extracted with ethyl acetate 
The extract was dried over anhydrous magnesium sulfate, filtered, 
and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel eluting with ethyl acetate to give 2- 
(l-trityl-2, 3-dihydro-lH-imidazo [1, 2-b]pyrazol-7-yl) ethylformamide 
( 610 mg ) , 

Exaitg>le 21 . . 

To a suspension of a mixture of benzhydryl 7p- [ (Z) -2- (5- 
tert-butoxycarbonylamino-1, 2, 4-thiadiazolv3-yl) -2- (1-tert- 
butoxycarbdnyl-l-methylethoxyimino) acetamido] -3-chldr6methyl-3-^^ 
cephem-4-carboxylate (0.5 g) and sodium iodide (99.6 mg) in N,N^ 
dimethylformamide (1 ml) was added 2- (l-trityl-2, 3-dihydro-lH- 
imidazo[l,2-b]pyrazol-7-yl)ethylformaitdde (587 mg), and the 
mixtiure was stirred at room ten^jerature for 24 hours. The reaction 
mixture X was added to a mixture of ethyl acetate and water. The 
organic layer was separated and diried over magnesium sulfate. The 
magnesium sulfate was filtered off, and the filtrate was 
evaporated to about 20 ml \jnder reduced pressure. The concentrate 
was poured into diisopropyl ether (80 ml), and the resialting 
precipitate was collected by filtration and dried in vacuo; To a 
solution of the resulting solid in methylene Ghloride (3 ml) were 
added anisole^ (1 ml) and trifliioroacetic acid (2 ml) . The 
resulting solution was stirred at room temperature for 3 hours and 
poured into diisopropyl ether. The resulting precipitate was 
collected by filtration and dried iii vacuo. The obtained powder 
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was dissolved in a phosphate buffer (pH 7) and adjusted to about 
pH 6 with satxirated aqueous sodium hydrogencarbonate solution. The 
solution containing the objective compound was purified by 
preparative HPLC utilizing ODS colimin. The eluate containing a 
desired product was concentrated in vacuo ♦ The concentrate was 
adjusted to about pH 2 with concentrated hydrochloric acid and 
chroiaatographed on.Diaion® HP-20 (Mitsubishi Chemical Corporation) 
eluting with 20% aqueous 2-propanolt The eluate was evaporated in 
vacuo and lyophilized to give 7p-[ (Z) -2- (5-aminp-l, 2, 4-thiadiaz61- 
3-yl) -2- (1-carboxy-l-methylethoxyimino) acetamido] ^3- [2, 3-dihydro- 
7- (2-f ormamidoethyl) ~5r- (IH-imidazo [1, 2-b}pyra2olio) ]methyl-3- 
cephem-4r-carboxylate (154 mg) as an amorphous solid. 
^H-NMR(D20) 8 1.58 (6H, s), 2.59 (2H, t, J=6.5Hz), 3.21 (IH, d, J= 
17.7Hz) , 3.40 (2H, t, J=6. 5Hz) , 3 . 44 (IH, d, J=17 . 7Hz) , 4 . 0-4 . 4 
(4H, m), 4.88 (IH, d, J=15.4Hz) , 5. 06 (IH, d, J=15.4Hz), 5.24 (IH, 
d, J=4.8Hz), 5.85 (IH, d, J=4 . 8Hz) , 7 . 86 (IH, s), 8.01 (IH, s) 
IR(KBr): 3392.2, 3280.3, 1772.3, 1670.1, 1612.2 cm"^ 
ESI-MZ^S: m/z=647(M--l) 
Example 22 

To a solution of 7p- [ (Z) -2- (5-amino-l, 2, 4-thiadiazor--3-yl)-^ 
2- (l-rcarboxy~l-methylethoxyimino) acetaiaido] -3- [2, 3 
f ormamidoethyl) -5- (IH-imidazo [1, 2-b]pyrazolio) ]methyl-3-cephem-4- 
carboxylate (147 mg) in methanol (1.5 ml) was added concentrated 
hydrochloric acid (0.15 ml) at room temperature. The mixture was 
stirred at room temperature for 4 hours and poured into ethyl 
acetate. The resulting precipitate was collected by filtration and 
dried in vacuo . The obtained powder was dissolved in a phosphate 
buffer (pH 7) and adjusted to about pH 6 with saturated aqueous 
sodium hydrogencarbonate solution. The solution containing the 
objective compound was purified by preparative HPLC utilizing ODS 
column. The eluate containing a desired product was concentrated 
in vacuo. The concentrate was adjusted to about pH 2 with 
concentrated hydrochloric acid and chromatographed on Diaion® HP- 
20 (Mitsubishi Chemical Corporation) eluting with 20% aqueous 2- 
propanol. The eluate was evaporated in vacuo and lyophilized to 
give 7P- [ (Z) -2^- (5--amino-l, 2, 4-thiadiazol-3-yl) -2- (1-carboxy-l- 
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methylethoxyimino) acetamido] -3- [2, 3-dihydro-7- (2-aminoethyl) -5- 
(lH-iiaidazo.[l,2-b]pyra2olio) ]methyl-3-cephem-4-carboxylate (32.4 
mg) • 

^H-NMR(D20) 5 1.53 ( 3H, s) , 1,54 (3h/ s) , 2.79 (2H, J=7.4Hz), 
3.19 {2H, t, J-7.4HZ), 3.28 (IH, d, J=17.7Hz), 3.56 (IH, d, 
J=17.7Hz), 4.0-4.5 (4H, m) , 4.9-5.1 (2H, m) , 5.26 (IH, d/j=4.8H2), 
5.85 (IH, d, J=4.8Hz), 7.93 (IH, s) . 
ESI-MASS: m/z=619(M-H). 
Preparation 62 

To a suspension of sodium hydride (60% dispersion in mineral 
oil^ 16 g) in tetrahydrofuran (6Q0 jnl) was added dropwise triethyl 
phohphonoacetate (80 ml) under ice-cooling. The mixture was' 
stirred tinder ice-cooling for 1 hour. To the reaction mixture was 
added 2, 3-dihydro-lH-imidazo [l,2-b]pyrazole-l,7-dicarbaldehyde (60 
g) at room temperature, and the mixture was stirred at room 
temperature for 2.5 hours. To the reaction mixture was added 
saturated aqueous ammonium chloride solution and extracted with 
ethyl acetate. The extract was dried over anhydrous magnesivm 
sulfate, filtered, and concentrated in vacuo. The residue was 
triturated with diisopropyl ether and dried in vacuo to give ethyl 
(2E) -3" (l-formyl-2, 3-dihydro-lH-imidazo [1, 2~bIpyrazol-7-yl) - 
propenoate (63;5 g). This product was used in the next step 
without further purification. 
Preparation 63 

A solution of ethyl (2E) -3- (l-formyl-2,3-^dihydro-lH" 
imidazo[l,2-b]pyrazol-7-yl)-2-propenoate (40 g) in a mixture of 
ethanol (200 ml) and tetrahydrofuran (500 ml) was treated with 10% 
palladium carbon (10 g) under a hydrogen atmosphere at room 
teinperature for 4.5 hoiars. After the catalyst was filtered off , 
the filtrate was concentrated in vacuo to give ethyl 3- (1-f ormyl-- 
2, 3-dihydro-lH-iJtdda2o[l,2--blpyra2ol-^^^ g) , 

This product was used in the next step without further 
purification. 
Preparation 64 

A solution of ethyl 3- (l-f6rm:yl-2, 3--dihydro-lH-imidazo t^,2- 
b]pyrazol-7-yl)propanoate (10 g) in a mixture of methanol (50 ml) 
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and an aqueous solution of 28% ammonia (104 ml) was stirred at 
room teir^^erature for 41 hours. After evaporation of the solvent in 
vacuo, the residue was triturated with diisopropyl alcohol, dried 
in vacuo to give 3- (2, 3-dihydro-lH-imidazo [1, 2-b]pyrazol-7- 
yl)propanamide (6.44 g) . 

^H-NMR(EMSO-d6) 6 2.1-2.5 (4H, m) , 3.5-4.0 (4H, m) , 6.72 (IH, s) , 
7.00 (IH, s), 7.25 (IH, s) , 8.42 (IH, s) 
APC-MASS: m/z=181(M+H) 
Preparation 65 

To a solution qf 3-(2,3T-dihydro-lH-imiclazo[l,2-b]pyrazol-7-- 
yl) propanamide (6 g) in pyridine (60 ml) was added triphenylmethyl 
chloride (11.1 g) at room temperature. The mixture was stirred at 
60**C for 17 hours. This reaction laixture was evaporated under 
reduced pressure and extracted with ethyl acetate. The extract was 
<4ried over anhydrous magnesium sulfate, filtered, and evaporated 
in vacuo. The residue was triturated with diisopropyl ether and 
dried in vacuo to give 3- (l~trityl-2, 3-dihydro-lH-imidazo[l, 2- 
b]pyrazol^7-yl) propanamide (11.2 g) . 

^H-NMR(DMSO-d€) 5 1.40 (2H, t, J=7.1Hz), 1.83 (2H/ t, J=7.1Hz), 
3.44 (2H, t, J=7.5Hz), 3.80 (2H, t, J=7 .SHz) , . 6.58 (IH, s), 6.97 
(IH, s), 7.01 (IH, s), 7.1-7.5 (15H, m) 
ESI-MASS: m/z=445 (M+Na) 
Preparation 66 ' 

To a suspension of lithiijm aluminum hydride (1. 8 g) in 
tetrahydrofuran (200 ml) was added 3^ (l-trityl-2, 3-dihydro-^lH" 
imida2o[l/ 2-b]pyrazol-7-yl) propanamide (10 g) at room tempera tiare . 
The mixture was stirred at room temperature for 2.5 hours. After 
cooling on an ice bath, sodium fluoride (7.95 g) and water (3.4 
ml) were added to the reaction mixture. The insoluble materials 
were removed by filtration. To the filtrate was added ethyl 
formate, and the mixture was refluxed for 24 hours. After 
evaporation of the solvent in vacuo, the residue was triturated 
with diisopropyl ether and dried in vacuo to give 3- (l-trityl-^2, 3- 
dihydro-lH-iitiidazo [ 1 , 2-b]pyrazol-7-yl) propyl formamide (6 . 62 g) . 
^H-NMR(EMS0-d6) 8 1.0-1.2 (4H, m), 2.69 (2H, td, J=5.7Hz), 3.42 (2H, 
t, J=7.4Hz), 3.82 (2H, t, J=7.4Hz),: 6.97 (IH, s) , 7.2-7.5 (15H, m) , 
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7.80 (IH, t, J=5.7H2), 7.92 (IH, s) 
ESI-MASS; ni/z=459 (M+Na) 
Preparation 67 

To a solution of benzhydryl 7p-tert-butoxycarbonylainino-3- 
chloromethyl-3-cephem-4-carboxylate (2.5 g) in a mixtiire of N,N- 
dimethylformamide (5 ml) and methylene chloride (8 ml) was added 
sodium iodide (728 mg) , and the mixture was stirred at room 
ten5)erature for 30 minutes. To the reaction mixtvire was added 3- 
(l-trityl-2 , 3-dihydro-lH-imidazo [1, 2-b] pyrazol-T- 
yDpropylformamide (6.36 g). The whole mixture was stirred at room 
ten^jerature for 26 hours and poured into a mixtiare of ethyl 
acetate and water. The aqueous layer was separated, and the 
organic layer was washed with brine, dried over anhydrous 
magnesium sulfate and filtered. The filtrate was concentrated to 
about 10 ml in vacuo. The concentrate was poured into diisopropyl 
ether (300 ml) , and the resulting precipitate was collected by 
filtration and dried in vacuo. To a solution of the . resulting . 
solid in methylene chloride (21 ml) were added anisole (7 ml), and . 
trifluoroacetic acid (14 ml) . The resulting solution was stirred 
a:t room ten^erature for 3 hours and poured, into diisopropyl ethei:. 
The resulting precipitate was collected by filtration and dried in 
vacuo to give 7p-amino-3- [2, 3-dihydro-7- (3-formamidopropyl)-5- (IH- 
imidazo[l,2-b]pyrazolio) ]methyl-3-cephem-4-carboxylate 
bistrif luoroacetate (4.17 g) . This product was used in the next 
step without further, purification. 
Example 23 

To a solution of crude 7p-amiho-3- [2, 3-dihydro-7- (3- 
fonaamidopropyl) -5- (lH-imidazo[l, 2-b]pyrazolio) ]methyl-3-cephem-4- 
carboxylate bistrif luoroacetate (4.17 g) and N- 
trimethylsilylacetamide (8.63 g) in a mixed solvent of N,N- 
dimethylformamide (20 ml) and tetrahydrofuran (20 ml) was added 
(Z) r-2- (5-amino-l, 2, 4-thiadiazol-3-yl) -2^ (1-tert-butoxycarbonyl-l- 
methylethoxyimino) acetyl chloride hydrochloride salt (2.53 g) 
under ice-cooling. The . mixture was stirred under ice-cooling for 2 
hotirs. The reaction mixtture was poured into ethyl acetate, and the 
mixture was stirred for 30 minutes. The resulting precipitate was 
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collected by filtration, washed with successively ethyl acetate 
and diisopropyl ether, and dried in vacuo to give a solid (2 .2 g) - 
To a suspension of the resulting solid in methylene chloride 
(9 ml) were added anisole (3 nil) and trifluoroacetic acid (6 ml) . 
under ice-cooling. The resulting solution was stirred at room 
teitijeratiore for 3 hours and poured into diisopropyl ether. The 
resulting precipitate was collected by filtration and dried in 
vacuo. The obtained powder was dissolved in a phosphate buffer (pH 
7) and adjusted to cibout pH 6 with saturated aqueous soditim 
hydrogencarbonate solution. The solution containing a objective 
compoiind was purified by preparative HPLC utilizing ODS column. 
The eliiate containing a desired product was concentrated in vacuo. 
The concentrate was adjusted to about pH ,2 with concentrated 
hydrochloric acid and chroma tographed oh Diaion® HP-20 <Mitsubishi 
Chemical Ctorporation) eluting with 20% aqueous 2-propanol. The 
eluate was evaporated in vacuo and lyophilized to give 73- [(Z) -2- 
(5-amino-l, 2, 4-thiadia2ol-3-yl) -2- (1-carboxy-l- 

methylethoxyimino) acetamido] -3- [ 2 , 3-dihydro-7-r ( 3-f ormamidopropyl ) - 
5- (IH-imidazo [1, 2-b] pyrazolio) ] methyl- 3-cephem-r4-carboxylate 
(391.2 mg) , 

^H-NMR(D20) 5 1.55 (6H, s) , 1.76 (2H, quint., J=7.0Hz) , 2.40 (2H, t, 
J=7.0Hz), 3.22 (2H, t, J=7.0Hz), 3.23 (IH, d, J=17 . 7Hz) , 3. 46 (IH, 
d, J=17.7Hz), 4.0-4.4 (4H, m) , 4.87 (IH, d, J=15.4 Hz), 5.05 (IH, 
d, J=15.4Hz), 5.23 (IH, d, J=4.8Hz), 5.84 (IH, d, J=4.8Hz), 7.83 
(IH, s) , 8.02 (IH, s) 

IR(KBr) : 1776.1, 1668.1, 1656.6, 1608.3 cm~^ > 
ESI-MASS: m/z=66l(M-H) 
Example 24 

To a solution of 7P-[(Z)-2-(5-amino-l,2,4-thiadiazol-3-yl)- 
2- (1-carboxy-l-methylethoxyimino) acetamido], -3- [2,3-dihydro-7- (3- 
f ormamidopropyl) -5- ( IH-imidazo [1, 2-b]pyrazolio) ]methyl-3-Gephem-4- 
carboxylate (386 mg) in methanol (3.9 ml) was added concentrated 
hydrochloric acid (0.386 ml) at room temperature.. The mixture was 
stirred at room ten5>erature for 3 hours; The reaction mixture was 
poured into a mixture of ethyl acetate (300 lal) and acetone (100 
ml) . The resulting precipitate was collected by filtration and 
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dried in vacuo. The obtained powder was dissolved in a phosphate 
buffer (pH 7) and adjusted to about pH 6 with saturated aqueous 
sodium hydrogencarbonate solution. The solution containing the 
objective con^und was purified by preparative HPLC utilizing ODS 
column. The eluate containing a desired product was concentrated 
in vacuo. The concentrate was adjusted to about pH 2 with 
concentrated hydrochloric acid and chromatographed on Diaion® HP- 
. 20 (Mitsubishi Qiemical Corporation) eluting with 20% aqUeous 2- 
propanol. The eluate was evaporated in vacuo and lyophilized to 
give 7p- [ (Z) -2- (5-amino-l, 2, 4-thiadiazol-3-yl) -2- (l-carboxy-l- 
methylethoxyimino)acetamido] -3- [2, 3-dihydro-7- (B-aminopropyl) -5- 
(lH-imidazo [l, 2-b]pyrazolio) ]methyl-3-cephem-4-carboxylate (84 mg). . 
^H-NMR(D20) 6 1.52 (3H, s), 1.53 (3H, s) , 1.89 (2H, qiiint., 
J=7.5Hz), 2.46 (2H, t, J=7.5H2), 3.00 (2H, t, j=7.5Hz), 3.25 (IH, 
d, J=17.7Hz), 3.50 (1H> d, J=17.7Hz), 4.0-4.4 (4H, m) , 4.87 (IH, d, 
J^15.4H2), 5.05 (IH, ,d, J=15.4Hz), 5.25 (IH, d, J=4. 8Hz), 5.84 (IH, 
d, J=4.8Hz), 7.88 (IH, s) 

IR(KBr).: 1772.3, 1648.8, 1585.2, 1537.0, 1400.1 an-^ 
ESI-MASS: m/z=635(M+H) 

Preparation 68 , 

2- (5-Amino-4-cyano-lH-pyrazol-l-yl) acetamide 
The title compound was obtained from ethyl 2-(5-amino-4- 
cyaho-iH-pyrazol-l^yl) aceitate in the same manner as in Preparation 
64. . . ■ . 

^H-NMR{IMSO-d6) 6 4.53 (2H, s) , 6.56 (2H, s) , 7.24 (IH, s), 7.42' 
(IH, s) , 7.52 (IH, s) 
APC-MASS: m/z=166(M+H) 
Preparation 69 

2- [4-Cyano-5- (tritylamino) -IH^pyrazol-l-yll acetamide 

The title con^jound Wais obtained from 2- (5-ainin6-4-cyano-lH-^ 

pyrazol-l-yi) acetamide in the saiae maimer as in Preparation 27. 

^H-NMR(IMSO-d6) 5 4.80 (2H, s), 7.1-7.4 (iSH, m), 7.42 (IH, s), . 

7.54 (IH, s), 7.75 (IH, s), 7.91 (IH, s) 

JiPC-MASS: m/z=406 

Preparation 70 

To a suspension of lithium aluminum hydride (3.73 g) in 
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tetrahydrofuraii (100 ml) was added 2- [4-cyano-5- (tritylamino) -IH- 
pyrazol-l-yl]acetaiaide (5 g) at room temperature. The mixture was 
refluxed for 23 hours. After cooling on an ice bath, sodium 
fluoride (16.5 g) and water (7.1 ml) were added to the reaction 
mixture. The insoluble materials were removed by filtration. The 
filtrate was evaporated in vacuo and triturated with diisopropyl 
ether to give 1- {2-^aminoethyl) -4- (amihomethyl) -5- 
tr itylaiainopyrazole - (2.17 g) . 

^H-NMR(rMS0--d6) 6 2.55 (2H, t, J=6.4Hz), 2.84 (2H, s) , 3.17 (2H, t, 

J=6,4Hz), 6,04 (IH, s) , 7.1-7.4 (16H, m) 

IR(KBr): 3342.0, 1562.1, 1473.3, 756.0, 703.9 cm"^ 

ESI-M21SS: m/z^420 (M+Na) 

Preparation 71 

To a solution of 1- (2-amindethyl) -4- (aminomethyl) -5- 
tritylaminopyrazole (1 g) in tetrahydrofuran (35 ml) was added di- 
tert-butyl dicarbonate (1. 65 g) . The mixture was stirred at room 
temperature for 16 hours. The reaction mixture was a:dded to a 
mixture of ethyl acetate arid water. The aqueous layer was 
separated, and the organic layer was dried over anhydrous 
magnesium sulfate and filtered. The filtrate was concentrated in 
vacuo and triturated with hexane to give 1- (2-tert- 
butoxycarbonylaminoethyl) -4- (tert-butoxycarbonylaminomethyl) -5- 
tritylaminopyrazole (1.27 g) . 

^H-NMR.(EMSO~d6) 6 1.36 (9H, s), 1.39 (9H, s) , 2.8-3.2 (4H, m) , 3.27 
,(2H, d, J=5.7Hz), 5.81 (IH, s), 6;35 (IH, t,, J-5.7Hz), 6.69 (IH, t, 
J=5.7Hz), 6.98 (IH, s), 7.0-7.4 (15H, m) 

IR(KBr) : 3351.7, 3230.2, 2979.5, 1687.4, 1521.6, 1170. iS, 703.9 cm""^ 
APC-MZ\SS: m/z=597 
Example 25 

7p- [ (Z) -2- (5-Amino-l, 2, 4-thiadiazol-3-yl) -2- (1-carboxy-l- 
methj^lethoxyimino) acetamido] -3- ( 3-sffld.nO"-4-'aminomethyl-2-- ( 2- 
aminoethyl ) -1-pyrazolio ] methyl-3^cephem-4-carboxylate 

The title compound was obtained f rdm benzhydryl 7p- [ (Z) -2- 
( 5-tert-butoxycarboriylamino-i , 2 , 4-Tthiadiazol--3-yl ) -2- ( 1-tert- 
butoxycarbonyl-l-methylethoxyimino) acetamido] -3-Giiloromethyl-3- 
cephem-4--carboxylate and 1- (2-tert-butoxycarbonylaminoethyl) -4- 
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(tert-butoxycarbonylandnomethyl)-5-tritylaitdnopyrazole in the same 
manner as in Example 10. 

^H"NMR(D20) 5 1.54 (6H, s) , 3.06 (IH, d, J=17.9Hz), 3.37 (2H, t/ 
J=7.4Hz), 3.57 (IH, d, J=17.9H2), 4.09 (2H, s) , 4.5-4.9 (2H, m) , 
5.04 (IH, d, J=16.1Hz), 5.27 (IH, d, J=16.1Hz), 5.30 (IH, d, 
J=4.8Hz), 5.82 (IH, d, J=4.8H2), 8.17 (IH, s) 
IR(KBr): 3363.2, 3180.0, 1770.3, 1648.8, 1592.9, 1396.2 cm"^ 
Preparation 72 

Under a nitrogen atmosphere, 10% palladium on active carbon 
(125 g) and methanol (3,75 L) were placed in a 5.0: L of three- 
necked flask. To the mixture was added. 5-amino^4-cyano-l- (2- 
hydroxyethyl)-lH-pyrazole (250 g) . The mixture was stirred at room 
temperature for 1 hour under a hydrogen atmosphere. To the 
reaction mixture was added 4N hydrogen chloride solution in 
methanol (1.65 L), and the mixture was stirred at room ten¥)erature 
for 1.5 hours under a hydrogen atmosphere. To the reaction mixture 
was added water (1.2 L). The catalyst was filtered off and washed 
with 50% aqueous methanol, and the filtrate was evaporated in 
vacuo . The residue was triturated with isopropanol/ethyl acetate 
(1:1). The precipitate was collected by filtration on a glass^ 
filter, washed with ethyl acetate and dried in vacuo to give 5- 

amino-4-aiidnomethyl-l-(2r-hydroxyethyl) -lH-pyrazole dihydrochloride 
(358 g) as a white solid. 

^H-NMR(DMS0-d6) 5 3.71 (2H> t, J=5.1Hz), 3.86 (2H, d, J=5.4Hz), 
4.22 (2H, t, J=^5.1Hz), 7.99 (IH, s), 8.20-8.60 (2H, br) 
IR(KBr): 1647, 1595, 1489, 1061, 878 cm"^ 
APC-MZ^S: m/z==157.3(M+H*") 
Preparation 73 

5-Amino-4-aminomethyl-l- (2-hydroxyethyl) -iH-pyrazole • 
dihydrochloride (105 g) was dissolved in a mixtvire of 
tetrahydrofuran (1700 ml) and water (170 ml) , and the pH of the 
solution was adjusted to 9 wildi 3N aqueous sodium hydroxide 
solution. To the solution was added dropwise a solution of di- 
tert-butyl dlcarbonate (173 g) in tetrahydrofuran (860 ml), while 
3N aqueous sodium hydroxide solution was added to keep the pH of 
the reaction mixture 8 .5-9.0. The stirring was continued, for 
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another 1 hour. The reaction mixture was extracted with ethyl 
acetate. The organic layer was washed with brine, dried over 
laagnesium sulfate, filtered, and . evaporated in vacuo. The residue 
was triturated with diisopropyl ether. The precipitate was 
collected by filtration' on a glass filter, washed with diisopropyl 
ether and dried in vacuo to give 5-aicdno-4- (tert- 
butoxycarbonylamihomethyl ) -rl~ { 2-hydroxyethyl ) -IH-pyrazole (118 g) . 
^H-NMR(I]MSO-d6) 5 1.37 (9H, s) , 3.58 -3/66 (2H, m) , 3.78 (2H, d, 
J=6.0Hz), 3.88 (2H, t, J=6.1Hz), 4.88 (IH, t, J=5.1Hz), 4.97 (2H, 
br s), 6.96 (IH, s), 6.95-7.10 (IH, m) 

IR{KBr) : 1672, 1631, 1527, 1434, 1277, 1165, 866, 789 cm"^ 
APC-MZ^S: ni/z-257.13(M+H^) 
Preparation 74 

To a solution of 5-aiidjio-4- (tert-butoxycarbonylaininpmethyl) - 
1~ (2-hydroxyethyl) -lH~pyrazole (243 g) in N,N-dimethylfonnamide 
(1.82 L) was added triphenylmethyl chloride (581 g), triethylamine 
(452 ml) and N, N-dimethylaminopyridine (9.91 g) successively. The 
reaction mixture was stirred at 70°G overnight. After cooling to 
room teit^erature, the reaction mixture was diluted with ethyl 
acetate, washed with water (twice) and bririe, dried over magnesium 
sulfate and filtered. The filtrate was evaporated in vacuo. The 
residue was purified by silica gel colvimn chromatography to give 
4~ (tert-butoxycarbonylaminomethyl) -5- (tritylamino) -1- [2- 
(trityloxy) ethyl] -IH-pyrazole, which was crystallized from 
diisopropyl ether/hexane (1:2). The resulting crystals were 
collected by filtration on a glass filter, washed with diisopropyl 
ether/hexane (1:2) and dried in viacuo to give the objective 
confound (480 g) . 

^H-NMR (EMSO-ds) 6 1.30 (9H, s) , 2.91 (2H, t> jr=5. 5Hz) , 3. 29 (4H, m) ^ 
5.88 (IH, s), 6.53 (IH, t-like) , 7.06 (IH, s)., 7,10-7.40 (15H, m) 
IR(KBr) : 1693, 1495, 1446, 1165, 758, 702 cm"^ 
APC-MasS: ia/z=763.3{M+Na'^) 
Ebcample 26 , 

To a solution of benzhydryl 73- [ (Z) -^2- (5-aiaiho-i, 2/ 4- 
thiadiazol-3-yl ) -2- { 1-tert-rbutoxycarbonyl-l- 

methylethoxyimino) acetamldo] -3-chloromethyl-3^cephem^4-carboxylate 
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(5.82 g) in N^N-dimethylfomaioicle (12 ml) was added sodium iodide 

(1.44 g) . After stirring at room temperature for 1 hour, 4- (tert- 

butoxycarbonylaminomethyl) -5- (tritylamino) -1- [2- (trityloxy) ethyl] - 

IH-pyrazQle (14.8 g) was added to the mixture. The stirring was 

continued at 35*C for 24 hours. The resulting mixt\ire was poured 

into water and extracted with ethyl acetate. The organic layer was 

washed with brine, dried over magnesium sulfate, filtered and 

evaporated in vacuo. The residue was dissolved in ethyl acetate 

(50 ml) and added to diisopropyl ether (500 ml) dropwise. The 

resulting precipitate was collected by filtration. The filter cake 

was washed with diisopropyl ether and dried over phosphorous 

pentoxide in vacuo. The solid (15.6 g) was dissolved in 

dichloromethane (47 ml), and to the solution were added anisole 

(16 ml) and. trifluoroacetic acid (32 ml) successively. After 

stirring at room temperature for 3 hours > the reaction mixture was 

.poured into diisopropyl ether (500 ml) . The precipitate was 

collected by filtration, washed with diisopropyl ether and dried 

over phosphorous pentoxide in vacuo. The crude product was 

dissolved in a! phosphate buffer (pHV.O) and purified by 

preparative HPLC (eluent: pH 7.0 phosphate buffer and 

. acetonitrile) . The eluate was si:ibjected to col\min chromatography 

on Diaion® HP-20 (Mitsubishi Oiemical Corporation) arid freeze- 

dried to give 7p-r [ (Z) -2- (5-amino-l, 2, 4-thiadiazol-3-yl) -2- (1- 

carboxy-l-methylethoxyiminp) acetamido] -3- [3-amino-4-aminomethyl-2~ 

(2-hydroxyetiiyl)-lr-pyrazolio]methyl-3-cephem-4-carboxylate (940 
mg) . 

Example 27 

7|3- [ (Z) -2- (5-Amino-l, 2, 4-thiadiazoI-3-yl) -2- (1-carboxy-l- 
methylethoxyimino) acetamido] -3- [3-cmiino-4-aminomethyl-'2- (2- 

hydroxyethyl)~i-pyrazolio]methyl^3-cephem-4-carboxylate (5,0 g) 
was dissolved in water (100 lal) , and 2.0 M sulfuric acid (4,0 ml) 
was added to the solution. The mixture was freeze-dried to give 
csrude Ifi- [ (Z) -2- (5-amino-l, 2, 4-thiadiazol-3-yl) -2- (1-carboxy-l- 
methylethoxyimino) acetamido] -3- [3-amino^4-aminomethyl-2- (2- 
hydroxyethyl)-l-pyrazolio]methyl-3-c6phem-4-carboxylate 
hydrogensulf ate (5,18 g) as an amorphous solid. The amorphous 
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solid (1.0 g) was dissolved in water (1.0 ml). To the solution was 
added acetonitrile (5.0 ml) dropwise. After stirring at room 
temperature for 2 hours, white crystals precipitated. The 
precipitated crystals were collected by filtration on a glass 
filter, washed with a small amount of water/acetonitrile (1:5) and 
dried londer reduced pressure to give 7p- [ (Z) -2- (5-amino-l, 2, 4- 
thiadia2ol-3-yl) -2- (1-carboxy-l -methyl ethoxyimino) acetamido] -3- [3- 
amino-4-aminomethyl-2- (2-hydroxyethyl) -l-pyrazolio]methyl-3- 
cephem-4-carboxylate hydrogensulf ate (880 mg) as white crystals. 
^H-NMR(D20) 5 1.61(6H, s) , 3 .20 and 3 . 53 (2H, ABq, J=18.0Hz), 3.87 
(2H, t, J=4.6Hz), 4.09 (2H, s) , 4.38 (2Hr t, J=4.6Hz), 5.16 (2H^ 
s), 5.28 (1H/ d, J=4.8Hz), 5.88 (IH, d, J=4.8Hz) , 8.10 (lH,.s) 
IR(KBr) : 1782, 1708, 1649, 1161, 1113 cm"^ 
ESI-MZVSS: m/z=625.2{M+H'*') 
Preparation 75 

To a mixture of lithium aluminum hydride (32.6 g) in 
tetrahydrofuran (1.3 L) was added (2E) -3- [l-methyl-5- 
(tritylamino) -lH-pyrazol-4-yl] -2-propenonitrile (101.6 g) under 
ice-cooling. The mixture was refluxed for 4 hoiurs. After cooling 
on an ice bath,, sodium fluoride (100 g) and water (100 ml) were 
added- to the reaction mixture.. The insoluble materials were 
removed by filtration. The filtrate was concentrated in vacuo to 
give 4- (3-aiQinopropyl) -l-methyl-5-tritylamino-lH-pyra261e (88.9 g) • 
^H-NMR(rMSO-d6) 5 1. 00-1.22 (2H, m) , 1.70-1.90 {2H, m) , 2 .15-2 .35 
(2H, m), 2,74 (3H, s)., 5.70 (IH, s), 6.97 (IH, s) , 7.10-7w38 (15H, 
m) 

ESI-MZ^S: m/z=397.4{M+H:**) 
Preparation 76, 

To a solution of 4- (3-aminopropyl)-l-methyl-5-tritylamin6- 
lH-pyrazole (75 g). in tetrahydrofuran (700 ml) was added di-tert- 
butyl dicarbonate (49.5 g) . The reaction laixture was stirred at 
room tenqperature for 3 hoursi. After evaporation of the solvent in 
vacuo, the residue was triturated with diisopropyl ether and dried 
in vacuo to give tert-butyl 3- [l--methyl-5- (tritylamino) -IH- 
pyrazol-4-yl]propylcarbamate (71.7 g) . 

^H-Nm(n«SO-d6) 5 1.10-1.25 (2H, m), 1.39 (9H, s), 1.65--1.85 (2H, 
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m), 2.60-2.80 (2H, m), 2.75 (3H, s) , 5.66. (IH, s) , 6.50-6.70 (IH, 
m), 6.99 (IH, s), 7.05-7.35 {15H, m) 
Excaig>le 28 

To a suspMision of a mixture of benzhydryl 7p- [ (Z) -2- (5- 
tert-butoxycarbonylamino-l, 2, 4-thiadiazol-3-yl) -^2- (1-tert- 
butoxycarbonyl-l-methylethoxyimino ) acetamido] -3-chloromethylr-3- 
cephem-4-carboxylate (40 g) and sodium iodide (8 g) in N,N- 
dimethylfonaamide (120 ml) and methylene chloride (80 ml) was 
added tert-butyl 3- [l-methyl-5-(tritylamino)-lH-pyra2ol-4- 
yXlpropylcarbamate (60 g), and the mixture was stirred at room 
tenyperature for 16 hours. The reaction mixture was added to a 
mixture of ethyl acetate and water. The organic layer was 
separated and dried over maghesiijun sulfate. The inagnesium sulfate 
was filtered off, and the filtrate was evaporated to about 20 ml 
under reduced pressure. The concentrate was poured into 
diisopropyl ether (150 ml), and the resulting precipitate was 
collected by filtration and dried in vacuo. The precipitate was 
purified by column chromatography on Diaion® PA306 (Mitsubishi 
Chemical Cojporation) TFA form (400 ml) eluting with 
tetrahydrofuran. The eluate was concentrated in vacuo. The 
residue was dissolved in methylene chloride (200 ml) , and to the 
solution were, added anisole (70 ml) and trifluoroacetic acid (140 
ml). The mixture was stirred at room temperature for 3 hoinrs and 
poiired into diisopropyl ether. The resulting precipitate was 
.collected by filtration and dried in vacuo. The obtained powder 
was dissolved in a phosphate buffer (pH 7) and adjusted to about 
pH 6 with satxirated aqueous sodium hydrogencarbonate solution. The 
-solution containing the objective compound was piorified by 
preparative HPLC utilizing ODS column. The eluate containing a 
desired product was concentrated in vacuo. The concentrate was 
adjusted to about pH l with concentrated hydrochloric acid and 
chromatographed on Diaion® HP-20 {Mitsubishi caiemical Corporation) 
eluting with 20% aqueous 2^pr6panol . The eluate was evaporated in 
vacuo and lyophilized to give 7?- ( (Z) -2- (S-andnb-l, 2> 4-thiadiazol- 
3-yl) -2- (1-carboxy-l-methylethoxyimihd) acetamido] -3- [3-amino-4- (3- 
aminopropyl) -2-methyl-i-pyrazolio]methyl-3-cephem-4-carboxylate 
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(6.1 g) . 

^H-NMR(D20) 5 1.52 (6H, s), 1.78-2.00 (2H, m) , 2.48 (2H, t, 
J=7.5Hz), 3.04 (2H^ t, J=8.1Hz), 3.15 and 3.38 (2H, ABq, J=17.6Hz), 
3.68 (3H, s), 4.90 and 5.22 (2H, ABq, J=15.3Hz) , 5.24 (IH, d, 
J=4.8Hz), 5.84 (IH, d, J=4.8Hz), 7.78 (IH, s) 
Example 29 

To a suspension of a mixture of benzhydryl 70- [ (Z) -2- (5- 
amino-ly 2, 4-thiadiazol-3-yl) -2- (1-tert-butoxycarbonyl-l- 
methylethoxyimino) acetamido] -3-chloromethyl-3-cephem~.4-carboxylate 
(330 g) and sodium iodide (74.8 g) in N/N-diiaethylformamide (660 
ml) was added tert-butyl 3- [l-methyl-5- (tritylamino) -lH-pyrazol-4- 
yllpropylcarbamate (282 g) , and the mixture was stirred at room 
temperature for 16 hours. The reaction mixture was added to a 
mixture of ethyl acetate and water. The organic layer was washed 
with water, brine and 10% acpieous sodium trifluoroacetate solution, 
and then dried over magnesiiom sulfate. The magnesium sulfate was 
filtered off, and the filtrate was evaporated to about 3.3 kg 
under reduced pressure. The concentrate was poured into 
diisopropyl ether (33 L) , aind the resulting precipitate was 
collected by filtration aiid dried in vacup. ; =; 

To a solution of the resulting solid in methyleine chloride 
(1600 ml) were added anisole (530 ml) and trifluoroacetic acid 
(1600 ml) . The mixture was; stirred at room tCT^^erature for 3 hours 
and poured junto diisopropyl ether . The resulting precipitate was 
collected by filtration and dried in vacuo. The obtained powder • 
was dissolved in a phosphate buffer (pH 7) and adjusted to about 
pH 6 with saturated aqueous sodium hydrogencarbonate solution. The 
solution containing the objective coxtpound was purified by 
prepiarative HPLC utilizing ODS colximn. The .eluate; containing a 
desired product was concentrated in vacuo. The concentrate was 
adjusted to about pH 2 wi^th concentrated hydrochloric acid and 
chromatographed on Diaion® HP-20 (Mitsubishi Chemical Corporation) 
eluting with 20% aqueous 2-propanol. The eluate was evaporated in 
vacuo and lyophilized to give 7p- [ (Z) -2- (5-amino-l, 2, 4-thiadiazol- 
3-yl) -2- (1-carboxy-l-methylethoxyimino) acetamido] -3- [3-amino-4- (3- 
aminopropyl ) -2-^methyl-l^pyrazolio ] methyl-3-cephem-4-r-carboxylate 
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(78.4 g) . 
Example 30 

A solution of 73- [ (Z) ^-2- (5-amino-l, 2, 4-thiadiazol-3-yl) -2- 
(1-carboxy-l-methyletlioxyiiaino) acetamido] -^3- [3-aiaino-4- (3- 
aiainopropyl ) -2-methyl-l-pyra2olio]methyl-3-cepheni-4-carboxylate 
(22.5 g) in water (180 lal) was purified by preparative HPLC 
utilizing ODS column. The eluate containing a desired product was 
concentrated to about 1.5 L in vacuo. The concentrate was adjusted 
to about pH 1 with concentrated hydrochloric acid and 
ehromatographed on Diaion® HP-20 (Mitsubishi Chemical Corporation) 
(1.5 L) eluting with 20% aqueous 2-propanol. The eluate was 
concentrated to about 400 ml in vacuo. To the solution was added 2 
mol/l sulfuric acid (16 .ml), and th6n the mixture was lyophilized 
to give amorphous powder of sulfuric acid salt (16 g) . The powder 
was dissolved in water (70 lal) and 2-propanol (80 ml) under 
stirring at room temperature. The stirring was • continued at room 
temperature for 4 hours. The precipitated crystals were collected . 
by filtration to give vp- [ (Z) -2- (5-amino-l, 2, 4-thiadiazol-3-yi) -2-, 
(1-carboxy-l-methylethoxyimino) acetamido] -3- [3-amino-4- (3- 
aminopropyl ) -2'-methyl-l-pyrazolio ] methyl-3r-cephem-4-carboxylate 
hydrogensulfate (13 g) . 

^H-NMR (DzO) 5 -1 . 61 ( 6H, s ) , 1 . 95 (2H, quintet, j=7 . SHz ) , 2.48 (2H, 

t, J=7.5Hz), 3.05 (2H^ t, J=7.5Hz), 3.18 and 3.39 (2H, ABq, 

□^17.9Hz), 3i67 (3H, s), 4.90 and 5.22 .(2H> ABq, J=15.3Hz) , 5.24 

(IH, d, J=4.8Hz), 5.86 (IH, d, J=4.8Hz), 7.78 (IH, s) 

IR(KBrV: 1781, 1728, 1680, 1635, 1599, 1406, 1315, 1132, 1101, 995 

cm~^ 

ESI-MASS: m/z-623.2(M+H^) 

X^ray powder diffraction analysis (by Philips MPD 1880 Xrray 
Powder Diffraction SystCTi) 
29 intensity : 

8.5 180 

14 160 ■ . 

14.5 500 
15.3 400 
15.5 300 
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X-ray: Monochromated GhKa radiation 
Voltage: 40 KV/ Current: 30 mA 

This application is based on application No. PR 4690 filed 
in Australia on May 1, 2001, and application No. PR 5834 filed in 
Australia on June 20, 2001, the content of which is incorporated 
hereinto by reference. 
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CIAIMS 

1 • A coinpoiind of the formula : 




wherein 

A is lower alkylene or lower alkenylene; - 

is lower alkyl, hydroxy (lower ) alkyl, protected 

hydroxy (lower) alkyl, amino (lower) alkyl or protected 
amino (lower) alkyl, and 
is hydrogen or amino protecting group, or 
R^ and R^ are bonded together and form lower alkylene; 
R^ and R^ are independently amino or protected amino; and 
R^ is carboxy or protected carboxy, 
or a pharmaceutically acceptable salt thei^eof . 

2. The coicqpoimd of claim 1 wherein 

R^ is lower alkyl, hydroxy (lower) alkyl, 

aryl (lower) alky loxy (lower) alkyl, amino (lower) alkyl or 

acylamino (lower) alkyl, and 
is hydrogen, aryl (lower) alkyl or acyl, or 
R^ and R^ are bonded together and form lower alkylene; 
R^ and R^ are independently amino or acylamino; and 
R^ is carboxy or esterif led carboxy, 
or a pharmaceutically acceptable salt therieof . 

3. The coii5>ound of claim 2 wherein 

R^ is lower alkyl, hydroxy (lower) alkyl, 

aryl ( lower ) alkyl oxy (lower ) al kyl , amino ( lower ) al kyl , 
(lower) alkahoylamino (lower) alkyl, or 
(lower) alkoxycarbonylamino (lower) alkyl, and 
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is hydrogen, aryl (lower) alkyl, lower alkanoyl or lower 
alkoxycarbonyl, or 
R and R are bonded together and form lower alkylene; . 

3 S 

R and R are independently amino, lower alkanoylamino or lower 

alkoxycarbonylamino; and 
R^ is carboxy or lower alkoxycarbonyl, 
or a phanaaceutically acceptable salt thereof. 

4. The coir^jound of claim 3 wherein 

R^ is lower alkyl, hydroxy (lower) alkyl or amino (lower) alkyl; and 

R^ is hydrogen, or 

b} axid R^ are bonded together and form lower alkylene; 

R^ ajid R^ are amino; and 

R^ is carboxy, 

or a pharmaceutically acceptable salt thereof* 

5. -A process for preparing a compoiond of the formula [I] : 

O R* 



N 



T 




^ J— N>,,s;*J— CHp— ^ >.H [I] 



wherein 

A is lower alkylene or lower alkenylene; 

R^ is lower alkyl, hydroxy (lower) alkyl, protected 

hydroxy (lower) alkyl, amino (lower) alkyl or protected 

amino (lower) alkyl, and 
R^ is hydrogen or amino protecting group^. or 
R^ and R^ are bonded together and form lower alkylene; 
R^ and R^ are independently amino or protected amino; and 
R^ is carboxy or protected carboxy, 
or a salt thereof, which con^rises 
(1) reacting a con^pound of the formula [II] : 
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[II] 



wherein A, R^, eind are each as defined above, or its reactive 
derivative at the amino group, or a salt thereof with a con5>oiand 
of, the formula [III]: 



.4 



N [III] 



N-^C — COOH 



wherein R* and R^ are each as defined above, or its reactive 
derivative at the carboxy group, or a salt thereof to give a 
coicpound of the formula [I] : , 




[I] 



wherein A, R*, R% R^ R* and R^ are each as defined above, or a 
salt thereof, or 

(2) subjecting a conpound of the foifmula [la] : 
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N 

If .'q. ,A-R^a 



N-Tic— C-CONH- 



COO 4 I 



\ ^Nv^^^CH2— N. X^^^H [la] 

R S . O 1 ^ N N 



wherein A, R^, R^, R* and R^ are eacdi as defined above, and R^a is 
protected amino, or a salt thereof to elimination reaction of the 
amino protecting group to give a conpotmd of the fprmula [lb] : 



O' 'R^. 



N 

II ^A— NH2 

N-^C-GONH-nr-|- -| ^ 



CH2— X >'.H ; [lb] 



N N 



COO I1 I 



wherein A, R^, R^, R* and R^ are each as defined above, or a salt 
thereof, or 

(3) reacting a con^jound of the formula [VI]: 

HgC^CHa 



O' -R* 



N 
ii 



JT-^C-CONH-yY V 

R S O T 

R^ 



[VI] 



wherein and R^ are each as defined above, R^ is protected carboxy, 
and Y is a leaving group, or a salt thereof with a compound of the 
formula [VTI] : 
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nVX [VII] 
N N 

wherein A, R^, R? and are each as defined above, or a salt 
thereof to give a comjpound of the formula [VIII] : 

O R* 
N 



^'^S^" o'^''-r"'=«-''>^N''" [VIII] 




1 1 

wherein A, r\ R^, r^, ,r5 and R^ are each as def ined above, or a 
salt thereof, and 

subjecting the coirpound of the formula [VIII] or a salt thereof to 
eliiaination reaction of the carboxy protecting group, to give a 
compound of the formula [I] : , 

H3C^CH3 

O R^ 

■ ? 

N 

coo® 1^1, 

wherein A, R^, R^, R^, r^ and R^ are each as defined above, or a 
sa.lt thereof. 

6. A pharmaceutical coa^xjsition con^jrising a conpoiand" of claim 1- 
or a pharmaceutically acceptable salt thereof in admixture with a 
pharmaceutically acceptable, carrier. 

7. A compound pf claim 1 or a pharmaceutically acceptable salt 
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thereof for use. as a medicament. 

8. A compound of claim 1 or a pharmaceutically acceptable salt 
thereof for use/as^ an antdLmicrobial agent. 

9 . Use of a conpound of claim 1 or a pharmaceutically acceptable 
salt thereof for manufacture of a medicament for treating 
infectious diseases. 
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